ŞĎŁ 517.518.837

ŠŐŮŊŐĚ ŊĚŘĂĆĚŊŚŠĆŐ ĎĘĚŁŚŐŊĂ–ŚŠĚŮŁĹŊĂ Ć ŔŘŐŚŠŘĂŊŚŠĆĚ L^2 ŤŞŊŁŰĹĽ ŊĂ ŇŊŐČŐŇĚŘŊŐĽ ŚŤĚŘĚ^∗

Ă. Č. Ąăąěŋłő

Ďăŋŋăï àăąőâă ŕőáćïéěŋă ĺğãçěŋĺî ŋăĺňěŋìèěľ łőŋáâăŋâë ć ŋěàăćěŋáâćě Ďęěłáőŋă– Śâěçłĺŋă ďńï ŋăĺńãçèĺå ŕàĺąńĺęěŋĺľ äãŋłæĺľ ć ŕàőáâàăŋáâćě L^2(S^{m−1}) ŋă ěďĺŋĺçŋőľ áäěàě S^{m−1} ćěéěáâćěŋŋőčő ěćłńĺďőćă ŕàőáâàăŋáâćă R^m àăğňěàŋőáâĺ m ≥ 2 áãęěŋĺïňĺ ŋă áäěàã ăńčěąàăĺçěáłĺå ňŋőčőçńěŋőć (âőçŋěě, áäěàĺçěáłĺňĺ ŕőńĺŋőňăňĺ).

Ťãŋďăňěŋâăńìŋëň ć íâőľ âěňăâĺłě ïćńïěâáï àěğãńìâăâ Ď.Ďęěłáőŋă ďńï ŋăĺńãçèĺå àăćŋőňěàŋëå ŕàĺąńĺęěŋĺľ ŋěŕàěàëćŋëå ŕěàĺőďĺçěáłĺå äãŋłæĺľ âàĺčőŋőňěâàĺçěáłĺňĺ ŕőńĺŋőňăňĺ. Ł ŋăáâőïéěňã ćàěňěŋĺ íâă âěňăâĺłă ŕőńãçĺńă ąőńìèőě àăğćĺâĺě. Őŕĺèěň ŋěłőâőàëě ĺğ ĺğćěáâŋëå àěğãńìâăâőć, ĺňěîéĺå ŋěŕőáàěďáâćěŋŋőě őâŋőèěŋĺě ł ĺŋâěàěáăň ăćâőàă.

Őąőğŋăçĺň çěàěğ C = C2π ŕàőáâàăŋáâćő ćěéěáâćěŋŋëå ŋěŕàěàëćŋëå 2π–ŕěàĺőďĺçěáłĺå äãŋłæĺľ f őďŋőľ ćěéěáâćěŋŋőľ ŕěàěňěŋŋőľ á àăćŋőňěàŋőľ ŋőàňőľ ‖f‖C = max{|f(x)| :

x ∈ R}. Ŋăĺńãçèĺň àăćŋőňěàŋëň ŕàĺąńĺęěŋĺěň äãŋłæĺĺ f ∈ C âàĺčőŋőňěâàĺçěáłĺňĺ

ŕőńĺŋőňăňĺ tn−1 áâěŕěŋĺ ŋě ćëèě n − 1 ŋăğëćăěâáï ćěńĺçĺŋă

E_{n−1}(f)_C = min_{tn} �1 ‖f − t_{n−1}‖_C , ă ěě àăćŋőňěàŋëň ňőďãńěň ŋěŕàěàëćŋőáâĺ ŕőàïďłă r = 1, 2, . . . ŋăğëćăěâáï äãŋłæĺï ω_r(f, h)_C = sup_{|t|≤h} ‖ r∑ k=0 (−1)^k ( r k ) f(x + kt)‖_C ŕěàěňěŋŋőčő h ≥ 0. Ğăäĺłáĺàãěň çĺáńă τ > 0, r ∈ N. Ţőàőèő ĺğćěáâŋő áńěďãîéěě ŋěàăćěŋáâćő [1], [2], [3] E_{n−1}(f)_C ≤ Kω_r ( f, τ n ) C , n ∈ N, f ∈ C (0.1) á łőŋáâăŋâőľ K = K(τ, r) < ∞, ğăćĺáïéěľ âőńìłő őâ τ ĺ r. İâőâ àěğãńìâăâ őğŋăçăěâ, çâő ćěńĺçĺŋă

K_n(τ, r)_C = sup { E_{n−1}(f)_C ω_r ( f,^τ_n ) C : f ∈ C, f ≢ const } , (0.2)

ïćńïîéăïáï ŋăĺňěŋìèěľ łőŋáâăŋâőľ K ć ŋěàăćěŋáâćě (0.1) (ŕàĺ äĺłáĺàőćăŋŋëå τ, r, n), àăćŋőňěàŋő őčàăŋĺçěŋă ŕő n, â.ě. łőŋěçŋă ćěńĺçĺŋă

K(τ, r)_C = sup_{n∈} N K_n(τ, r)_C. (0.3)

Ď.Ďęěłáőŋ [1] ć 1911 čőďã ćŕěàćëě ãáâăŋőćĺń ŋěàăćěŋáâćő (0.1) ŕàĺ r = 1, â.ě. őæěŋĺń ŋăĺńãçèěě àăćŋőňěàŋőě ŕàĺąńĺęěŋĺě En−1(f)Ś ŋěŕàěàëćŋőľ 2π – ŕěàĺőďĺçěáłőľ äãŋłæĺĺ f âàĺčőŋőňěâàĺçěáłĺňĺ ŕőńĺŋőňăňĺ áâěŕěŋĺ ŋě ćëèě n−1 çěàěğ ěě ňőďãńì ŋěŕàěàëćŋőáâĺ

ω(f, τ)_C = ω_1(f, τ)_C (ŕěàćőčő ŕőàïďłă). Ś.Ą.Śâěçłĺŋ [3] ŕőńãçĺń ŋěàăćěŋáâćő (0.1) ŕàĺ r ≥ 2; ŕàĺ r = 2 íâőâ àěğãńìâăâ ąëń àăŋěě őŕãąńĺłőćăŋ Ŋ.Ĺ. Ăåĺěğěàőň [2, á. 217, á.

�Řăąőâă ćëŕőńŋěŋă ŕàĺ äĺŋăŋáőćőľ ŕőďďěàęłě Čőáãďăàáâćěŋŋőčő łőňĺâěâă Řőááĺľáłőľ Ťěďěàăæĺĺ ŕő

ćëáèěňã őąàăğőćăŋĺî (łőď ŕàőěłâă: 2–16–5–31) ĺ Řőááĺľáłőčő äőŋďă äãŋďăňěŋâăńìŋëå ĺááńěďőćăŋĺľ (łőď ŕàőěłâă: 93–011–196).

190]. Ŋěàăćěŋáâćő (0.1) ŕàĺ r = 1 ŋăğëćăîâ ŋěàăćěŋáâćőň Ďęěłáőŋă, ă ć őąéěň áńãçăě –

ŋěàăćěŋáâćőň Ďęěłáőŋă–Śâěçłĺŋă.

Şłăğăŋŋëľ àěğãńìâăâ ąëń ŕěàěŋěáěŋ ŋă ŕàőáâàăŋáâćă L^p = L^p_{2π}, 1 ≤ p < ∞, ĺğňěàĺňëå 2π–ŕěàĺőďĺçěáłĺå äãŋłæĺľ á őąëçŋőľ ŋőàňőľ (áň. [4, čń.5]). Şáĺńĺïňĺ ňŋőčĺå ňăâěňăâĺłőć ŋěàăćěŋáâćă âĺŕă Ďęěłáőŋă–Śâěçłĺŋă ąëńĺ àăáŕàőáâàăŋěŋë ŋă ŕàőáâàăŋáâćă äãŋłæĺľ ňŋőčĺå ŕěàěňěŋŋëå, ğăďăŋŋëå łăł ŋă łńăááĺçěáłĺå ňŋőčőőąàăğĺïå (áäěàă, âőà, ŕàőáâàăŋáâćő, čĺŕěàąőńőĺď, . . .), âăł ĺ ŋă ňŋőčőőąàăğĺïå ďőćőńìŋő őąéěľ ŕàĺàőďë.

Ŋăàïďã á łăçěáâćěŋŋőľ łăàâĺŋőľ ć íâőľ őąńăáâĺ ąőńìèőľ ĺŋâěàěá (ć çăáâŋőáâĺ, ďńï ćëçĺáńĺâěńìŋëå æěńěľ) ŕàěďáâăćńïîâ âőçŋëě àěğãńìâăâë. Ŕěàćőě âőçŋőě ŋěàăćěŋáâćő Ďęěłáőŋă (ć ŕàőáâàăŋáâćě C = C2π) ãáâăŋőćĺń Ŋ.Ŕ.Łőàŋěľçãł [5] (1962 č.), ă ŕěàćőě âőçŋőě ŋěàăćěŋáâćő Ďęěłáőŋă–Śâěçłĺŋă (ć ŕàőáâàăŋáâćě L^2 = L^2_π) ŕőńãçĺń Ŋ.Ĺ.Ůěàŋëå

[6, 7] (1967 č.). Ŕőďàőąŋěě, Ŋ.Ŕ.Łőàŋěľçãł àěèĺń ğăďăçã (0.3) ŕàĺ τ = π, r = 1, ďő-

łăğăć àăćěŋáâćő K(π, 1)C = 1. Ŕőğďŋěě őŋ őąőąéĺń íâőâ àěğãńìâăâ [8] (1982 č.), ŕőłăğăć, çâő K(π/m, 1)C = (m + 1)/2, m ∈ N. Ŕő ăŋăńőčĺĺ á (0.2) ňőęŋő ďăâì őŕàěďěńěŋĺě ćěńĺçĺŋë Kn(τ, r)Lp, ïćńïîéěľáï ŋăĺňěŋìèěľ łőŋáâăŋâőľ ć áőőâćěâáâćãîéěň ŋěàăćěŋáâćě Ďęěłáőŋă–Śâěçłĺŋă ć ŕàőáâàăŋáâćě L^p = L^p_{2π}, 1 ≤ p < ∞. Śěľçăá ŋăĺąőńěě ŕőńŋő ĺğãçěŋ áńãçăľ p = 2. Ŕěàćëě âőçŋëě àěğãńìâăâë ć íâőň áńãçăě ŕàĺŋăďńěęăâ Ŋ.Ĺ.Ůěàŋëå [6, 7], łőâőàëľ ďőłăğăń, çâő

K_n(τ, r)_L2 = 1 √(_{2r} r ) = Γ(r + 1) √ Γ(2r + 1) ŕàĺ n, r ∈ N, n > r, τ ≥ 2π. (0.4) Ă ć áńãçăě r = 1 ĺň [6, 9] ąëńă ŋăľďěŋă ŋăĺňěŋìèăï âőçłă τ^∗ = π, ŋăçĺŋăï á łőâőàőľ ćěńĺçĺŋă Kn(τ, 1)_L2, łăł äãŋłæĺï ăàčãňěŋâă τ, ćëåőďĺâ ŋă áćőľ čńőąăńìŋëľ ňĺŋĺňãň àăćŋëľ 1/^√2. Šőçŋőě ŋěàăćěŋáâćő Ďęěłáőŋă ć ŕàőáâàăŋáâćě L^p ŕàĺ 1 ≤ p < 2 ąëńő âăłęě ãáâăŋőćńěŋő Ŋ.Ĺ.Ůěàŋëå [10]. Ć íâőň áńãçăě Kn(τ, 1)Lp àăćŋă 2^{(1−p)/p} ŕàĺ τ ≥ θπ, čďě

θ = (1/2 − 2/π^2)^{−1/2} ≈ 1.834. Łăł őâňěçăěâáï ć àăąőâě [10], őæěŋłă áŋĺğã K_n(τ, 1)_Lp ≥

2^{|1/p−1/2|−1/2}, 1 ≤ p < ∞, τ > 0, n ∈ N ąëńă ŕőńãçěŋă àăŋěě Ć.Ĺ.Ąěàďëèěćëň.

Ďńï ŕěàĺőďĺçěáłĺå äãŋłæĺľ őďŋőčő ćěéěáâćěŋŋőčő ŕěàěňěŋŋőčő ěáâì ěéě ŋěáłőńìłő âőçŋëå àěğãńìâăâőć ć ŕàïňëå âěőàěňăå âěőàĺĺ ŕàĺąńĺęěŋĺï ć âěàňĺŋăå ňőďãńï ŋěŕàěàëćŋőáâĺ ğăďăŋŋőčő ŕőàïďłă áăňőľ äãŋłæĺĺ. Ć.Ć.Ęãł, Ć.Ć.Ÿăńăěć ŕőńãçĺńĺ (áň. [11, á.322,352]) áőőâćěâáâćěŋŋő őæěŋłĺ áćěàåã ĺ áŋĺğã ďńï ćěńĺçĺŋë (0.2) ŕàĺ r = 2, τ = π/2, á ŕőňőéìî łőâőàëå ćëçĺáńïěâáï ćěńĺçĺŋă (0.3) ć íâőň áńãçăě, ă ĺňěŋŋő, K(π/2, 2)C = 1. Ć àăąőâăå ăćâőàă [12, 13] ŋăľďěŋë ğŋăçěŋĺï ćěńĺçĺŋë Kn(π/m, 1)_L2 ďńï ŋăâãàăńìŋëå m ≥

1+3n/2 ŕàĺ n ≥ 1 ĺ ďńï ŋăâãàăńìŋëå m ≥ 3n/4 ŕàĺ n ≥ 10. Ć àăąőâě Ň.Ę.Ÿăłěŋőćőľ [14]

ãâćěàęďăěâáï, çâő àăćěŋáâćő (0.4) őáâăěâáï ćěàŋëň ĺ ć áńãçăě ćěéěáâćěŋŋőčő r > 0, τ = 2π.

Ŕàőáâàăŋáâćă C2π ĺ L^p_{2π} ňőęŋő ĺŋâěàŕàěâĺàőćăâì, áőőâćěâáâćěŋŋő, łăł ŕàőáâàăŋáâćă

C(S^1), L^p(S^1) äãŋłæĺľ, ğăďăŋŋëå ŋă ěďĺŋĺçŋőľ őłàãęŋőáâĺ S^1 ěćłńĺďőćőľ ŕńőáłőáâĺ

R^2. Őďŋĺň ĺğ ěáâěáâćěŋŋëå őąőąéěŋĺľ ãłăğăŋŋëå ŕàőáâàăŋáâć ïćńïîâáï ŕàőáâàăŋáâćă

C(S^{m−1}), L^p(S^{m−1}) äãŋłæĺľ, ğăďăŋŋëå ŋă ěďĺŋĺçŋőľ áäěàě S^{m−1} ěćłńĺďőćă ŕàőáâàăŋáâćă

R^m àăğňěàŋőáâĺ m ≥ 3 á æěŋâàőň ć ŋãńě.

Ć 1914 čőďã Š.Čàőŋãőń [15] ŕőńãçĺń ŋěàăćěŋáâćő Ďęěłáőŋă

E_n(f)_{C(}S2_) < (1 + 3π/2)ω(f, 1/n)_{C(}S2_), n = 2, 3, . . .

ňěęďã ŋăĺńãçèĺň àăćŋőňěàŋëň ŕàĺąńĺęěŋĺěň äãŋłæĺĺ f ∈ C(S^2), f ≢ const, áäěàĺçěáłĺňĺ ŕőńĺŋőňăňĺ áâěŕěŋĺ ŋě ćëèě n ĺ ěě àăćŋőňěàŋëň ňőďãńěň ŋěŕàěàëćŋőáâĺ ŕěàćőčő ŕőàïďłă

ω(f, h)_{C(}S2_) = sup{|f(x) − f(y)| : x, y ∈ S^2, x · y = cos t, 0 < t ≤ h}, (0.5)

h ∈ (0, π], ŕàĺ ãáńőćĺĺ, çâő äãŋłæĺï h^{−1}ω(f, h)_{C(}S2_) ŋě ćőğàăáâăěâ ŕő h; ğďěáì x·y ěáâì áłă-

ńïàŋőě ŕàőĺğćěďěŋĺě ćěłâőàőć x, y. Ć áĺńã ĺğćěáâŋőčő áćőľáâćă (áň. [16, á.198] ĺ [3, ńěňňă

5]) 2h^{−1}ω(f, h)_{C(}S2_) ≥ η^{−1}ω(f, η)_{C(}S2_), 0 < h < η, ňőďãńï ŋěŕàěàëćŋőáâĺ ŕàőĺğćőńìŋőľ

äãŋłæĺĺ f ∈ C(S^2), ďőłăğăâěńìáâćő Š.Čàőŋãőńă [15, §3] ŕőğćőńïěâ ŕőńãçĺâì ŋěàăćěŋáâćő Ďęěłáőŋă E_n(f)_{C(}S2_) < (1 + 3π/τ)ω(f, τ/n)_{C(}S2_), 0 < τ/n < π, n = 2, 3, . . . ãęě ďńï ńîąőľ äãŋłæĺĺ f ∈ C(S^2), f ≢ const.

Ďăńìŋěľèĺě ĺáâőàĺçěáłĺě áćěďěŋĺï, łăáăîéĺěáï ŋěàăćěŋáâć Ďęěłáőŋă–Śâěçłĺŋă ďńï äãŋłæĺľ ĺğ C(S^{m−1}), L^p(S^{m−1}), m ≥ 3 á ŕàĺňěŋěŋĺěň ňőďãńěľ ŋěŕàěàëćŋőáâĺ ŕőàïďłă

r ≥ 1, őáŋőćăŋŋëå ŋă r-őľ àăğŋőáâĺ äãŋłæĺĺ ćďőńì čěőďěğĺçěáłőľ, ňőęŋő ŋăľâĺ ć àăąőâăå

[17], [18].

Ŋăàïďã á ãłăğăŋŋëňĺ ćëèě ňőďãńïňĺ ŋěŕàěàëćŋőáâĺ ňŋőčĺě ňăâěňăâĺłĺ ĺáŕőńìğãîâ ďàãčĺě ňőďãńĺ ŋěŕàěàëćŋőáâĺ, őáŋőćăŋŋëě ŋă őŕěàăâőàě st áďćĺčă, ŕàěďáâăćńïîéěň áőąőľ ãáàěďŋěŋĺě äãŋłæĺĺ f(x) ŕő čàăŋĺæě áäěàĺçěáłőľ èăŕłĺ ãčńőćőčő àăďĺãáă t c ŕőńîáőň ć âőçłě x (áň., ŋăŕàĺňěà, [19, äőàňãńë (1.1), (1.19)], ă âăłęě ŕãŋłâ 1 ŋĺęě, äőàňãńă (1.2)). İâőâ őŕěàăâőà áďćĺčă ŕàĺňěŋïńáï ãçěŋëňĺ ć ŕàőèńőň ćěłě ć ćőŕàőáăå ő áåőďĺňőáâĺ àïďă Ťãàìě–Ńăŕńăáă äãŋłæĺľ, ğăďăŋŋëå ŋă S^2 (áň., ŋăŕàĺňěà, [20, á.178 ĺ ŕàĺćěďěŋŋëě âăň ááëńłĺ]). Šăłőľ ňőďãńì ŋěŕàěàëćŋőáâĺ ďńï äãŋłæĺľ f ĺğ C(S^2) ć ŕàïňëå ĺ őąàăâŋëå âěőàěňăå âěőàĺĺ ŕàĺąńĺęěŋĺï ćŕěàćëě ĺáŕőńìğőćăńáï Č.Č.Łãèŋĺàěŋłő ć àăąőâăå [21, 22]. Ĺáâőàĺï ďăńìŋěľèěčő àăğćĺâĺï íâőčő ćőŕàőáă áőďěàęĺâáï ć àăąőâě [23].

Ĺğ àăąőâ Ď.Ŋìîňěŋă ĺ Č.Ÿăŕĺàő, Ď.Řăčőğĺŋă, Ć.Ň.Ťěďőàőćă (áň. [17] ĺ ŕàĺćěďěŋŋãî âăň ąĺąńĺőčàăäĺî), őâŋőáïéĺåáï ł ŕàïňőľ âěőàěňě âěőàĺĺ ŕàĺąńĺęěŋĺï äãŋłæĺľ ŋă ňŋőčőňěàŋőľ áäěàě S^m ćĺďŋő, łăłĺň őąàăğőň ćńĺïěâ àăğňěàŋőáâì áäěàë ŋă ãłăğăŋŋãî âěőàěňã. Ěáâěáâćěŋŋő, çâő ć àăąőâë, áőďěàęăéĺě áőőâćěâáâćãîéĺě âőçŋëě àěğãńìâăâë, ďăîâ ďőŕőńŋĺâěńìŋãî ĺŋäőàňăæĺî ő ćńĺïŋĺĺ àăğňěàŋőáâĺ.

Ŕěàěçĺáńĺň ŋěáłőńìłő âőçŋëå àěğãńìâăâőć, őâŋőáïéĺåáï ł ŋěàăćěŋáâćăň Ďęěłáőŋă– Śâěçłĺŋă ďńï äãŋłæĺľ ňŋőčĺå ŕěàěňěŋŋëå. Ć 1981 čőďã Ć.Ă.đďĺŋ [24] ŋăèěń âőçŋãî łőŋáâăŋâã ć ŋěàăćěŋáâćě Ďęěłáőŋă ďńï äãŋłæĺľ ĺğ L^2(T^m), ğăďăŋŋëå ŋă âőàě T^m, m ≥ 2. Ăŋăńőčĺçŋăï ğăďăçă ć ŕàőáâàăŋáâćě L^2(R^m), m = 2, 3, ąëńă àěèěŋă Ć.đ. Ŕőŕőćëň [25, âěőàěňă 3]. Ć ŕàőáâàăŋáâćě C(S^m), m ≥ 2 ďńï ŋăĺńãçèĺå ŕàĺąńĺęěŋĺľ ńĺŋěľŋëňĺ ňěâőďăňĺ Ć.Ć.Ÿăńăěć [26] ŕőńãçĺń âőçŋëľ àěğãńìâăâ ć áőőâćěâáâćãîéěľ ŕàïňőľ âěőàěňě âěőàĺĺ ŕàĺąńĺęěŋĺï. Ć.Ć.Ăàěáâőć ĺ Ć.đ. Ŕőŕőć [27] ãłăğăńĺ âőçŋőě ğŋăçěŋĺě ŋăĺňěŋìèěľ łőŋáâăŋâë ć ŋěàăćěŋáâćě Ďęěłáőŋă–Śâěçłĺŋă ć ŕàőáâàăŋáâćě L^2(S^m), m = 2, 3. Ć áńãçăě ŕàőáâàăŋáâć L^2(M), M = R^m, T^m, S^m, m ≥ 2 Ć.đ.Ŕőŕőć [25], [28], [29] ŋăèěń âőçŋãî łőŋáâăŋâã ć ŋěàăćěŋáâćě Ďęěłáőŋă–Śâěçłĺŋă ŕàĺ ”ňăńëå” ğŋăçěŋĺïå ăàčãňěŋâă ňőďãńï ŋěŕàěàëćŋőáâĺ.

Ć ŋăáâőïéěľ áâăâìě ŕőńãçěŋő âőçŋőě ŋěàăćěŋáâćő Ďęěłáőŋă–Śâěçłĺŋă ć ŕàőáâàăŋáâćě

L^2(S^{m−1}), m ≥ 5. Őæěŋłă áŋĺğã ďńï âőçŋőľ łőŋáâăŋâë ć ãłăğăŋŋőň ŋěàăćěŋáâćě ãáâăŋő-

ćńěŋă Ć.Ć. Ăàěáâőćëň ĺ ŕãąńĺłãěâáï ğďěáì á ďőłăğăâěńìáâćőň á ěčő àăğàěèěŋĺï.

Łàőňě âőčő, ć ďăŋŋőľ àăąőâě ńőłăńĺğőćăŋă âőçłă Ůěàŋëåă ć íâőň ŋěàăćěŋáâćě (áň.áńěďáâćĺě 2.1 ŋĺęě), â.ě. ŋăľďěŋë őæěŋłĺ áŋĺğã ĺ áćěàåã (őâńĺçăîéĺěáï ďàãč őâ ďàãčă ć ďćă àăğă) ďńï ŋăĺňěŋìèěľ âőçłĺ τ^∗ = τ^∗(n, r, m), ŋăçĺŋăï á łőâőàőľ âőçŋăï łőŋáâăŋâă K = K(τ, n, r, m) ć ŋěàăćěŋáâćě Ďęěłáőŋă–Śâěçłĺŋă (áň. (1.4), (1.5) ŋĺęě) ŕàĺ r ≥ 1 łăł äãŋłæĺï ăàčãňěŋâă τ ćëåőďĺâ ŋă áćőľ ňĺŋĺňãň (ŋă ňŋőęěáâćě Θr), àăćŋëľ ěďĺŋĺæě; ğďěáì Θ1 = (0, π], Θr = (0, π) ŕàĺ r > 1. Ćăęŋőáâì ğăďăçĺ ő âőçłě Ůěàŋëåă ć ŋěàăćěŋáâćě Ďęěłáőŋă–Śâěçłĺŋă áőáâőĺâ, ć çăáâŋőáâĺ, ć âőň, çâő őŋă ŕőğćőńïěâ ŕőńãçĺâì ňěŋìèãî ŕőčàěèŋőáâì ŕàĺ őæěŋłě áćěàåã łőŋáâăŋâë ć íâőň ŋěàăćěŋáâćě ňěâőďőň őæěŋłĺ ňőďãńï ŋěŕàěàëćŋőáâĺ ć ąőńìèěľ âőçłě çěàěğ ğŋăçěŋĺě ňőďãńï ŋěŕàěàëćŋőáâĺ ć ňěŋìèěľ âőçłě (áň. [8]).

1 Ććěďěŋĺě.

Ŕãáâì R^k ěáâì k-ňěàŋőě (k ≥ 1) ćěéěáâćěŋŋőě ěćłńĺďőćő ŕàőáâàăŋáâćő áő áłăńïàŋëň ŕàőĺğćěďěŋĺěň x · y = x1y1 + . . . + xnyn ĺ àăááâőïŋĺěň |x − y| =^√(x − y) · (x − y), őŕàěďěńěŋŋëňĺ ďńï âőçěł x = (x1, . . ., xk), y = (y1, . . ., yk) ĺğ R^k . Őąőğŋăçĺň çěàěğ

S^{k−1} = {x ∈ R^k : |x| = 1} ěďĺŋĺçŋãî áäěàã ŕàőáâàăŋáâćă R^k á æěŋâàőň ć ŋãńě, ă çě-

àěğ |S^{k−1}| = 2π^{k/2}/Γ(k/2) – ěě ŕńőéăďì, ć çăáâŋőáâĺ, |S^0| = 2.

Ŋă ŕàőâïęěŋĺĺ ćáěľ àăąőâë ąãďěň áçĺâăâì, çâő m ěáâì ŋăâãàăńìŋőě çĺáńő ŋě ňěŋìèě

2, L^2 = L^2(S^{m−1}) − ŕàőáâàăŋáâćő łőňŕńěłáŋëå äãŋłæĺľ, ğăďăŋŋëå ŋă S^{m−1} áő áłăńïàŋëň

ŕàőĺğćěďěŋĺěň (f, g) = 1 | S^{m−1} | ∫ S^m�^1 f(ξ)g(ξ) dξ (1.1) ĺ ŋőàňőľ ‖f‖ = (f, f)^{1/2}. Ňŋőčőçńěŋőň áâěŕěŋĺ ŋě ćëèě n ŋăğëćăěâáï äãŋłæĺï p(x) = ∑ c_{α1,...,αm} x^{α1}_1 · . . . · x^{αm}_m , α_1 + . . . + α_m ≤ n á łőňŕńěłáŋëňĺ łőíääĺæĺěŋâăňĺ cα_1,...,α_m (α1, . . ., αm − æěńëě ŋěőâàĺæăâěńìŋëě çĺáńă). Ňŋőęěáâćő áãęěŋĺľ âăłĺå ňŋőčőçńěŋőć ŋă S^{m−1} őąőğŋăçĺň çěàěğ Pn = Pn,m. Ŋăĺńãçèĺň ŕàĺąńĺęěŋĺěň äãŋłæĺĺ f ∈ L^2 ŕàőáâàăŋáâćőň Pn ŋăğëćăîâ àăááâőïŋĺě őâ f ďő Pn, â.ě. E_n(f) = min{‖f − p‖ : p ∈ P_n}. Śďćĺčőň á èăčőň t ∈ R ŋăğëćăěâáï (áň., ŋăŕàĺňěà, [19, äőàňãńë (1.1), (1.19)]) őŕěàăâőà

s_t, ďěľáâćãîéĺľ ĺğ L^2 ć L^2 ŕő ŕàăćĺńã s_tf(x) = 1 |S^{m−2}| ∫ S^m�^2

f(x cos t + ξ sin t)dξ, (1.2)

ğďěáì x ∈ S^{m−1} ĺ ĺŋâěčàăń ąěàěâáï ŕő áäěàě S^{m−2} = S^{m−2}_x = {ξ ∈ S^{m−1} : x · ξ = 0}. Ć çăáâŋőáâĺ, ŕàĺ m = 2 ĺňěěň stf(e^{iu}) =^1_2{F (u + t) + F (u − t)}, F (u) = f(e^{iu}), 0 ≤ u ≤ 2π.

Ŕãáâì I ěáâì âőęďěáâćěŋŋëľ őŕěàăâőà, r – ŕőńőęĺâěńìŋőě çĺáńő, ψr(u) = (1 − u)^{r/2}. Śńěďãï Ţ.Ŕ. Řãáâăňőćã [23], őŕěàăâőà

Δ^r_t = (I − s_t)^{r/2} = ∑ k≥0 1 k! ψ^{(k)}_r (0)s^k_t (1.3)

ąãďěň ŋăğëćăâì àăğŋőáâŋëň őŕěàăâőàőň ŕőàïďłă r, ă ňőďãńěň ŋěŕàěàëćŋőáâĺ ŕőàïďłă r äãŋłæĺĺ f ∈ L^2 ŋăğőćěň áńěďãîéãî äãŋłæĺî ŕěàěňěŋŋőčő τ > 0 ω_r(f, τ) = sup{‖Δ^r_t f‖ : 0 < t ≤ τ}. Őâňěâĺň, çâő ć áńãçăě őąëçŋőčő áďćĺčă àăğŋőáâŋëľ őŕěàăâőà ďàőąŋőčő ŕőàïďłă ąëń ććěďěŋ ĺ ĺğãçăńáï ć 1867 – 1868 čč. Ă.Ł.Čàîŋćăńìďőň ĺ Ă.Ć.Ńěâŋĺłőćëň (áň. [30, § 20]).

Ć ďăŋŋőľ àăąőâě ĺğãçăěâáï ćőŕàőá ő âőçŋőľ łőŋáâăŋâě K = K(τ, n, r, m), τ > 0, n ∈

N, r > 0, m = 2, 3, . . . ć ŋěàăćěŋáâćě Ďęěłáőŋă–Śâěçłĺŋă E_{n−1}(f) ≤ Kω_r(f, τ), f ∈ L^2, (1.4) â.ě. ćěńĺçĺŋă K(τ, n, r, m) = sup { E_{n−1}(f) ω_r(f, τ) : f ∈ L^2, f ≢ const } . (1.5)

Śäěàĺçěáłőľ čăàňőŋĺłőľ ŕőàïďłă k ŋăğëćăîâ áãęěŋĺě ŋă áäěàã S^{m−1} őďŋőàőďŋőčő čăàňőŋĺçěáłőčő ňŋőčőçńěŋă áâěŕěŋĺ k q(x) = ∑ c_{α1,...,αm} x^{α1}_1 · . . . · x^{αm}_m , m∑ l=1 α_l = k, α_l ∈ Z_+, m∑ l=1 ∂^2q ∂x^2_l ≡ 0. Ňŋőęěáâćő ćáěå čăàňőŋĺł ŕőàïďłă k őąőğŋăçĺň áĺňćőńőň Hk . Ĺğćěáâŋő (áň. [31, čń.4]), çâő ŕàĺ k ≠ l ŕàőáâàăŋáâćă Hk, Hl őàâőčőŋăńìŋë ć áňëáńě áłăńïàŋőčő ŕàőĺğćěďěŋĺï

(1.1), łàőňě âőčő, ŕàőáâàăŋáâćő P_n áőćŕăďăěâ á őàâőčőŋăńìŋőľ ŕàïňőľ áãňňőľ ∑_n k=0 ⊕H_k. Śŕàăćěďńĺćő âăłęě àăğńőęěŋĺě ŕàőáâàăŋáâćă L^2 ć őàâőčőŋăńìŋãî ŕàïňãî áãňňã L^2 = ∑ k≥0 ⊕H_k ĺ őŕěàăâőà őàâőčőŋăńìŋőčő ŕàőěłâĺàőćăŋĺï Y_k : L^2 → H_k ĺňěěâ ćĺď (áň. [32,

á.206], [31, čń.4,§ 2])

Y_k f(x) =

(k + λ)Γ(λ)

2π^{λ+1} ∫ S^m�^1 C^λ_k (x · ξ)f(ξ) dξ, m ≥ 3, čďě λ = (m − 2)/2, C^λ_0 (u) ≡ 1, C^λ_k (u), k = 1, 2, . . . − ňŋőčőçńěŋë Čěčěŋąăãíàă, ŋőàňĺàőćăŋŋëě ãáńőćĺěň

C^λ_k (1) = ( k + 2λ − 1 k ) = (2λ + k − 1)(2λ + k − 2) . . .(2λ) k! , k = 1, 2, . . .;

Y_k f(x) = k 2π ∫ S^1 C^0_k (x · ξ)f(ξ) dξ, m = 2, čďě C^0_0 (u) ≡ 1, C^0_k (cos t) =^2_k cos kt, k = 1, 2, . . .. Ňŋőčőçńěŋë C^λ_k (u), λ ≥ 0, k = 0, 1, . . . őąàăğãîâ őàâőčőŋăńìŋãî áĺáâěňã ŋă őâàěğłě [−1, 1] á ćěáőň (1 − u^2)^{λ−1/2}.

Łăęďăï äãŋłæĺï f ∈ L^2 ěďĺŋáâćěŋŋëň őąàăğőň àăğńăčăěâáï ć àïď Ťãàìě-Ńăŕńăáă, áåőďïéĺľáï ł ŋěľ ć L^2_{f = ∑} k≥0 Y_k f. Ůăáâĺçŋăï áãňňă íâőčő àïďă Sn−1f =^{∑n−1}_{k=0} Yk f ïćńïěâáï ąńĺęăľèĺň íńěňěŋâőň ć Pn−1 ďńï f ć ňěâàĺłě ŕàőáâàăŋáâćă L^2, â.ě.

E^2_{n−1}(f) = ‖f − S_{n−1}f‖^2 = ∑ k≥n ‖Y_kf‖^2. (1.6)

Ĺğćěáâŋë áńěďãîéĺě áćőľáâćă áďćĺčă st, àăğŋőáâŋőčő őŕěàăâőàă Δ^r_t ĺ ňőďãńï ŋěŕàěàëćŋőáâĺ ωr(f, τ), r > 0, t ∈ R, τ > 0, łőâőàëě ćëŕőńŋïîâáï ďńï ńîąőľ äãŋłæĺĺ f ĺğ

L^2(S^{m−1}), m ≥ 2 Y_k s_tf = R_k(t)Y_kf, k = 0, 1, . . ., (1.7) Y_k Δ^r_t f = {1 − R_k(t)}^{r/2}Y_k f, k = 0, 1, . . ., (1.8)

‖Δ^r_t f‖^2 = ∑ k≥1 {1 − R_k(t)}^r‖Y_kf‖^2, (1.9) ‖Δ^r_{lt}f‖ ≤ l^r‖Δ^r_t f‖, l ∈ N, (1.10) ω_r(f, τ) ≤ 2^{(r−α)/2}ω_α(f, τ), 0 < α < r, (1.11) čďě_R

k(t) = R_{k,λ}(t) = C^λ_k (cos t)/C^λ_k (1), λ = (m − 2)/2, k = 0, 1, . . .. (1.12)

Śćőľáâćő (1.10) ŕàĺ r = 2 ďőłăğăń Ć.Ă.Ĺćăŋőć [33], ć őąéěň áńãçăě őŋő ďőłăğëćăěâáï âăł ęě, őáâăńìŋëě áćőľáâćă ňőęŋő ŋăľâĺ ć àăąőâě Ţ.Ŕ.Řãáâăňőćă [23]. Ŕőńĺŋőňë (1.12) őąàăğãîâ őàâőčőŋăńìŋãî áĺáâěňã ŋă őâàěğłě [0, π] á ćěáőň sin^{2λ} t ∫_π 0 R_k(t)R_l(t) sin^{2λ} t dt = 0, k ≠ l, k, l ∈ Z_+. (1.13)

Łàőňě âőčő, őŋĺ ãďőćńěâćőàïîâ áőőâŋőèěŋĺïň max_{t∈R} |Rk(t)| = Rk(0) = (−1)^kRk(π) = 1, k = 0, 1, . . .. Śőőâŋőèěŋĺï (1.6), (1.9) ŕőğćőńïîâ áćěáâĺ ňŋőčőňěàŋãî ğăďăçã (1.5) ő âőçŋőľ łőŋáâăŋâě K(τ, n, r, m) ć ŋěàăćěŋáâćě Ďęěłáőŋă–Śâěçłĺŋă (1.4) ł őďŋőňěàŋőľ ğăďăçě ďńï ŕőńĺŋőňőć (1.12). Ă ĺňěŋŋő, łćăďàăâ íâőľ łőŋáâăŋâë áőćŕăďăěâ á ŋăĺňěŋìèěľ łőŋáâăŋâőľ

K = K(τ, n, r, λ), λ = (m − 2)/2 ć ŋěàăćěŋáâćě ∑ k≥n ρ_k ≤ K sup_{0<t≤τ} ∑ k≥1 {1 − R_k(t)}^rρ_k, (1.14) ∑ k≥1 ρ_k < ∞, ρ_k ≥ 0, k = 1, 2, . . .. Šăłĺň őąàăğőň, K(τ, n, r, λ) = sup ∑ k≥n ρ_k / sup 0<t≤τ ∑ k≥1 {1 − R_k(t)}^rρ_k :

0 < ∑ k≥1 ρ_k < ∞, ρ_k ≥ 0, k = 1, 2, . . . , (1.15)

ŕàĺçěň ďńï łőŋáâăŋâë (1.5) áŕàăćěďńĺćő àăćěŋáâćő K^2(τ, n, r, m) = K(τ, n, r, λ), λ = (m − 2)/2 (1.16) ŕàĺ τ > 0, n = 1, 2, . . ., r > 0, m = 2, 3, . . .. Ł ğăďăçě (1.15) âăłęě áćőďĺâáï (łăł ćĺďŋő ĺğ àăąőâ [34]–[35]) ćőŕàőá ő âőçŋőň ŋěàăćěŋáâćě Ďęěłáőŋă–Śâěçłĺŋă ć ŕàőáâàăŋáâćě L^2_λ ćěéěáâćěŋŋëå çěâŋëå 2π-ŕěàĺőďĺçěáłĺå äãŋłæĺľ áő áłăńïàŋëň ŕàőĺğćěďěŋĺěň

(F, G)_λ = ∫_π 0 F (x)G(x) sin^{2λ} x dx, λ ≥ 0 (1.17)

ĺ ŋőàňőľ ‖F ‖λ = (F, F )^{1/2}_λ . Łăł ãęě őâňěçăńőáì ćëèě (áň. (1.13)) áĺáâěňă (1.12) łőáĺŋãáŕőńĺŋőňőć Čěčěŋąăãíàă ïćńïěâáï őàâőčőŋăńìŋőľ ć áňëáńě áłăńïàŋőčő ŕàőĺğćěďěŋĺï (1.17). Łăęďăï äãŋłæĺï F ĺğ L^2_λ àăğńăčăěâáï ć àïď Ťãàìě ŕő íâĺň ŕőńĺŋőňăň

F (x) = ∑ k≥0 a_kR_k(x), a_k = (F, R_k)_λ‖R_k‖^{−2}_λ ,

ă çăáâĺçŋăï áãňňă íâőčő àïďă Sn−1F (x) =^{∑n−1}_{k=0} akRk(x) ïćńïěâáï ąńĺęăľèěľ ł F (ć áňëáńě ŋőàňë ‖ ‖λ) łőáĺŋãá-ŕőńĺŋőňőň ŕőàïďłă ≤ n − 1. Šő ěáâì ňĺŋĺňãň

E_{n−1}(F )_λ = min{‖F − P ‖_λ : P (x) = n−1∑ k=0 c_kR_k(x), c_0, . . ., c_k ∈ R} (1.18)

àěăńĺğãěâ ŕőńĺŋőň P = Sn−1F

E^2_{n−1}(F )_λ = ‖F − S_{n−1}F ‖^2_λ = ∑ k≥n ‖a_kR_k‖^2_λ. (1.19)

Ďńï äãŋłæĺľ F (x) = f(cos x) ĺğ L^2_λ, λ ≥ 0 őŕàěďěńĺň ŕőŋïâĺě ãńìâàăáäěàĺçěáłőčő áďćĺčă á èăčőň t ∈ R (áň. [34]–[36]), â.ě. ććěďěň őŕěàăâőà Tt = Tt,λ, ďěľáâćãîéĺľ ĺğ L^2_λ ć

L^2_λ áńěďãîéĺň őąàăğőň

T_tF (x) = 1 2 {F (x + t) + F (x − t)}, λ = 0, μ(λ) ∫_π 0 f(cos x cos t+

+ sin x sin t cos φ) sin^{2λ−1} φ dφ, λ > 0,

(1.20)

μ(λ) = 1/ ∫_π 0 sin^{2λ−1} φ dφ. Ć 1817 čőďã, ă ćőğňőęŋő, ěéě àăŋìèě, Ă.Ň.Ńěęăŋďà [37, á.262, äőàňãńă (x)], ŕàĺ λ =^1_2 , ă ğăâěň ć 1874 čőďã Ń. Čěčěŋąăãíà (áň. [38, á.402]) ŕàĺ λ > 0 ãáâăŋőćĺńĺ ćăęŋőě áćőľáâćő íâőľ őŕěàăæĺĺ, ĺňěŋãěňőľ äőàňãńőľ ãňŋőęěŋĺï, T_tR_k(x) = R_k(t)R_k(x), k = 0, 1, . . ., t, x ∈ R, λ ≥ 0. (1.21) Šăłęě łăł ĺ ćëèě (áň. (1.3)), őŕàěďěńĺň δ^r_t = δ^r_{t,λ} – àăğŋőáâŋëľ őŕěàăâőà ŕőàïďłă r > 0 á èăčőň t ∈ R, áőőâćěâáâćãîéĺľ áďćĺčã Tt, ŕő äőàňãńě

δ^r_t = (I − T_t)^{r/2} = ∑ k≥0 1 k! ψ^{(k)}_r (0) T^k_t .

Ňőďãńěň ŋěŕàěàëćŋőáâĺ ŕőàïďłă r äãŋłæĺĺ F ĺğ L^2_λ ŋăğőćěň áńěďãîéãî äãŋłæĺî ω_r(F, τ)_λ = sup_{0<t≤τ} ‖δ^r_t F ‖_λ, λ ≥ 0, r > 0, τ > 0. Ĺğ äőàňãńë ãňŋőęěŋĺï (1.21) ćëâěłăîâ áćőľáâćă àăğŋőáâŋőčő őŕěàăâőàă δ^r_t , ăŋăńőčĺçŋëě áćőľáâćăň (1.8) – (1.11) őŕěàăâőàă Δ^r_t . Ć çăáâŋőáâĺ, ďńï łăęďőľ äãŋłæĺĺ F (x) = ∑ k≥0 a_kR_k(x) ĺğ L^2_λ ĺňěěň

‖δ^r_t F ‖^2_λ = ∑ k≥1 {1 − R_k(t)}^r‖a_kR_k‖^2_λ, λ ≥ 0, r > 0, t > 0. (1.22) Őâáîďă ĺ (1.19) ćĺďŋő, çâő ğăďăçă ő âőçŋőľ łőŋáâăŋâě c = c(τ, n, r, λ), τ > 0, r > 0, λ ≥

0, n = 1, 2, . . . ć ŋěàăćěŋáâćě Ďęěłáőŋă–Śâěçłĺŋă

E_{n−1}(F )_λ ≤ c · ω_r(F, τ)_λ, F ∈ L^2_λ (1.23)

áćőďĺâáï ł ğăďăçě (1.15), ŕàĺçěň c^2(τ, n, r, λ) = K(τ, n, r, λ). (1.24) Śńěďőćăâěńìŋő (áň. (1.16)), K(τ, n, r, m) = c ( τ, n, r, m − 2 2 ) , (1.25)

τ > 0, r > 0, n ∈ N, m = 2, 3, . . .. İâő àăćěŋáâćő őğŋăçăěâ, çâő ć (1.5) ćěàåŋîî čàăŋì

ďőáâăâőçŋő ąàăâì ŕő ğőŋăńìŋëň äãŋłæĺïň f ∈ L^2, â.ě. äãŋłæĺïň f(x) = F (x·y), ğăćĺáïéĺå ńĺèì őâ áłăńïàŋőčő ŕàőĺğćěďěŋĺï ŕěàěňěŋŋőľ âőçłĺ x ∈ S^{m−1} ĺ äĺłáĺàőćăŋŋőľ âőçłĺ

y ∈ S^{m−1} (áň. [34], [32], [35]).

2 Őáŋőćŋëě àěğãńìâăâë.

Őáâăŋőćĺňáï ćŋăçăńě ŋă áńãçăě L^2(S^1). Ć íâőň áńãçăě λ = 0, S^1 − őąëçŋăï őłàãęŋőáâì. Ťãŋłæĺĺ f ĺğ L^2(S^1) ňőęŋő őâőęďěáâćĺâì á 2π-ŕěàĺőďĺçěáłĺňĺ äãŋłæĺïňĺ F (u) = f(e^{iu}) ĺğ L^2_π. Ğăďăçă (1.4), (1.5) áćőďĺâáï ł ğăďăçě ő ŋăĺňěŋìèěľ łőŋáâăŋâě K = K(τ, n, r, 0) =

K^2(τ, n, r, 2) ć ŋěàăćěŋáâćě ∑ k≥n ρ_k ≤ K sup_{0<t≤τ} ∑ k≥1 ρ_k{1 − cos kt}^r, ∑ k≥1 ρ_k < ∞, ρ_k ≥ 0, k = 1, 2, . . .. Ŕěàćëě âőçŋëě àěğãńìâăâë ć íâőľ ğăďăçě ŕőńãçĺń Ŋ.Ĺ. Ůěàŋëå [6, 7, 9], łőâőàëě ć âěàňĺŋăå, ŕàĺŋïâëå ğďěáì, ňőęŋő ğăŕĺáăâì ć áńěďãîéěň ćĺďě K(τ, n, 1, 0) = 1, τ ≥ π/n, n = 1, 2, . . ., (2.1) K(τ, n, 1, 0) > 1, 0 < τ < π/n, n = 1, 2, . . ., (2.2) K(τ, n, r, 0) = 2^r (_{2r} r ) = 2^r{Γ(r + 1)}^2

Γ(2r + 1) , τ ≥ 2π/n, n > r, r = 2, 3, . . . . (2.3) Ć àăąőâăå ăćâőàă [12, 13] ŋăľďěŋă K^{( π}_{ln}, n, 1, 0^) ďńï ŋăâãàăńìŋëå l ≥ 1 + 3n/2, n =

1, 2, . . ., ă âăłęě ďńï ŋăâãàăńìŋëå l ∈ [3n/4, 3n/2], n ≥ 10. Ć àăąőâě Ň.Ę.Ÿăłěŋőćőľ [14] áőďěàęĺâáï ãâćěàęďěŋĺě, àăćŋőáĺńìŋőě âőňã, çâő àăćěŋáâćő (2.3) őáâăěâáï ćěàŋëň ĺ

ć áńãçăě ćěéěáâćěŋŋőčő r > 0, τ = 2π/n.

Ŕěàěľďěň ł ňŋőčőňěàŋőňã áńãçăî L^2(S^{m−1}), m ≥ 3, λ = (m − 2)/2. Ňĺŋĺňăńìŋőě ŕőńőęĺâěńìŋőě ğŋăçěŋĺě ăàčãňěŋâă äãŋłæĺĺ Rn = Rn,λ, ŕàĺ łőâőàőň őŋă ďőáâĺčăěâ ńőłăńìŋőčő ňĺŋĺňãňă, ńőłăńìŋőčő ňăłáĺňãňă, őąőğŋăçĺň çěàěğ hn,λ ĺ tn,λ áőőâćěâáâćěŋŋő. Ěďĺŋáâćěŋŋëľ łőàěŋì ãàăćŋěŋĺï Rn(u) = Rn(tn,λ), u ∈ (0, hn,λ) őąőğŋăçĺň çěàěğ vn,λ. Ć.đ. Ŕőŕőć [29] ãáâăŋőćĺń, çâő K^2(τ, n, r, m) = {1 − R_n(τ)}^{−r} ŕàĺ m = 3, 4, . . ., r = 2, 4, . . ., n = 1, 2, . . ., 0 < τ ≤ vn,λ, åőâï ěčő ďőłăğăâěńìáâćő ŕàőåőďĺâ ĺ ć áńãçăě ćěéěáâćěŋŋőčő r > 0. Ć áőćňěáâŋőľ àăąőâě [27] Ć.Ć. Ăàěáâőćă ĺ Ć.đ. Ŕőŕőćă ąëń ăŋőŋáĺàőćăŋ áńěďãîéĺľ àěğãńìâăâ ďńï áńãçăï m = 3, 4 K ( 2π n + 1 , n, 2r, m ) = 1, r = 1, 2, . . ., n = 1, 2, . . .. (2.4) Ďńï λ ≥ 0, n = 1, 2, . . . őąőğŋăçĺň çěàěğ τn,λ ŕěàćëľ ŕőńőęĺâěńìŋëľ ŋãńì łőáĺŋãáŕőńĺŋőňă Čěčěŋąăãíàă C^λ_n (cos τ)

τ_{n,λ} = min{τ > 0 : C^λ_n (cos τ) = 0}. (2.5)

Ć ŋăáâőïéěľ áâăâìě ďőłăğăŋă

ŠĚŐŘĚŇĂ 2.1. Ŕãáâì n = 1, 2, . . .. Šőčďă ćëŕőńŋïîâáï áńěďãîéĺě ãâćěàęďěŋĺï

(A) ŕàĺ λ ≥ 0 ďńï łăęďőľ äãŋłæĺĺ F ∈ L^2_λ, F ≢ const áŕàăćěďńĺćë ŋěàăćěŋáâćă

E_{n−1}(F )_λ < ω_r (F, 2τ_{n,λ})_λ; r ≥ 1, (2.6)

E_{n−1}(F )_λ < 2^{(1−r)/2}ω_r(F, 2τ_{n,λ})_λ, 0 < r < 1; (2.7)

(B) ŕàĺ λ > 0 ďńï ńîąőčő τ ∈ (0, π) áãéěáâćãěâ ŕőáńěďőćăâěńìŋőáâì äãŋłæĺľ F_k (k = 1, 2, . . .) ĺğ L^2_λ âăłăï, çâő

lim_{k→∞} E_{n−1}(F_k)_λ/ω_r(F_k, τ)_λ ≥ 1, r > 0.

(C) ŕàĺ λ > 0 áãéěáâćãěâ ŕőáńěďőćăâěńìŋőáâì äãŋłæĺľ F_k (k = 1, 2, . . .) ĺğ L^2_λ âăłăï, çâő lim_{k→∞} E_{n−1}(F_k )_λ/ω_r(F_k, π)_λ ≥ 1, 0 < r ≤ 1.

ĞĂŇĚŮĂŊĹĚ 2.1. Şâćěàęďěŋĺě (B) âěőàěňë 2.1 ŕàĺŋăďńěęĺâ Ć.Ć. Ăàěáâőćã (áň.

ŋĺęě ńěňňã 4.2).

ĞĂŇĚŮĂŊĹĚ 2.2. Ďńï λ = 0, r = 1 ãâćěàęďěŋĺï âěőàěňë 2.1 ŕőńãçěŋë Ŋ.Ĺ.

Ůěàŋëå [6], ă ŕàĺ λ = 0, r > 1 ãâćěàęďěŋĺě (A) âěőàěňë 2.1 ďőłăğăŋő Ć.Ć. Ÿăńăěćëň

[39].

ĞĂŇĚŮĂŊĹĚ 2.3. Ś ŕőňőéìî äãŋłæĺĺ F (x) = Rn(x) ńěčłő ŕőłăğăâì, çâő ŕàĺ

0 < τ < τ_{n,λ}, n ∈ N, r > 0, λ ≥ 0 âőçŋăï łőŋáâăŋâă c = c(τ, n, r, λ) ć ŋěàăćěŋáâćě (1.23)

ąãďěâ áâàőčő ąőńìèě ěďĺŋĺæë.

Ć áĺńã àăćěŋáâćă (1.25) áńěďáâćĺěň âěőàěňë 2.1 ïćńïěâáï

ŠĚŐŘĚŇĂ 2.2. Ŕãáâì n = 1, 2, . . .. Šőčďă áŕàăćěďńĺćë áńěďãîéĺě ãâćěàęďěŋĺï

(A) ŕàĺ m = 2, 3, . . ., λ = (m − 2)/2 ďńï łăęďőľ äãŋłæĺĺ f ∈ L^2(S^{m−1}), f ≢ const ćëŕőńŋïîâáï ŋěàăćěŋáâćă E_{n−1}(f) < ω_r(f, 2τ_{n,λ}), r ≥ 1, (2.8) E_{n−1}(f) < 2^{(1−r)/2}ω_r (f, 2τ_{n,λ}), 0 < r < 1; (2.9)

(B) ŕàĺ m = 3, 4, . . ., τ ∈ (0, π) áãéěáâćãěâ ŕőáńěďőćăâěńìŋőáâì äãŋłæĺľ f_k (k = 1, 2, . . .) ĺğ L^2(S^{m−1}) âăłăï, çâő

lim_{k→∞} E_{n−1}(f_k)/ω_r(f_k, τ) ≥ 1, r > 0. (2.10)

(C) ŕàĺ m = 3, 4, . . . áãéěáâćãěâ ŕőáńěďőćăâěńìŋőáâì äãŋłæĺľ f_k (k = 1, 2, . . .) ĺğ L^2(S^{m−1}) âăłăï, çâő

lim_{k→∞} E_{n−1}(f_k)/ω_r(f_k, π) ≥ 1, 0 < r ≤ 1. (2.11)

İâă âěőàěňă ĺ ğăňěçăŋĺě 2.3 ŕőğćőńïîâ ńőłăńĺğőćăâì âőçłã Ůěàŋëåă ć ŋěàăćěŋáâćě Ďęěłáőŋă–Śâěçłĺŋă ć ňŋőčőňěàŋőň áńãçăě.

ŚŃĚĎŚŠĆĹĚ 2.1. Ŕãáâì m = 3, 4, . . ., λ = (m − 2)/2. Šőčďă âőçŋăï łőŋáâăŋâă ć ŋěàă-

ćěŋáâćě Ďęěłáőŋă–Śâěçłĺŋă (1.4) ć ŕàőáâàăŋáâćě L^2(S^{m−1}) ãďőćńěâćőàïěâ áőőâŋőèěŋĺïň K(τ, n, r, m) > 1, 0 < τ < τ_{n,λ}, r > 0, n ∈ N; K(τ, n, r, m) = 1, τ ∈ [2τ_{n,λ}, π), r ≥ 1, n = 2, 3, . . .; K(τ, n, 1, m) = 1, τ ≥ 2τ_{n,λ}, n ∈ N. ĞĂŇĚŮĂŊĹĚ 2.4. Šěőàěňă 2.2 ďńï áńãçăï m = 3, n = 1 ĺ m = 4, n ≥ 1 áőďěàęĺâáï

ć àăąőâě Ć.Ć. Ăàěáâőćă ĺ Ć.đ. Ŕőŕőćă [27] (áň. (2.4)), ă ŕàĺ m = 3, n ≥ 2 ãâőçŋïěâ àěğãńìâăâ (2.4), â.ł. 2τ_{n,1/2} < 2π/(n + 1) (áň. [40, á.147, (6.6.4)]).

ĞĂŇĚŮĂŊĹĚ 2.5. Ć áĺńã ĺğćěáâŋőčő áćőľáâćă (1.11) [23, á.130] ŋěàăćěŋáâćő (2.9)

ïćńïěâáï áńěďáâćĺěň ŋěàăćěŋáâćă (2.8).

Ďńï ďőłăğăâěńìáâćă ãâćěàęďěŋĺï (A) âěőàěňë 2.1 ŕàĺňěŋïńĺáì ĺďěĺ, ğăńőęěŋŋëě ć àăąőâăå Ŋ.Ĺ. Ůěàŋëå [6, 7] ĺ Ć.Ă. đďĺŋă [24] ő ŕőáâàőěŋĺĺ íłáâàěňăńìŋőčő ćěáă (àěèěŋĺï ďćőľáâćěŋŋőľ ğăďăçĺ).

3 Ŋěłőâőàëě áćőľáâćă ãńìâàăáäěàĺçěáłőčő áďćĺčă.

Ć íâőň ŕãŋłâě ŕàĺćőďïâáï ŋěőąåőďĺňëě ć ďăńìŋěľèěň ĺğćěáâŋëě áćőľáâćă (áň. [34, 35]) őŕěàăâőàă

T_t F (x) = 1 2 {F (x + t) + F (x − t)}, λ = 0, μ(λ) ∫_π 0 f(cos x cos t+ + sin x sin t cos φ) sin^{2λ−1} φ dφ, λ > 0,

(3.1)

μ(λ) = 1/ ∫_π 0 sin^{2λ−1} φ dφ

ãńìâàăáäěàĺçěáłőčő áďćĺčă á èăčőň t ∈ R, ďěľáâćãîéěčő ŋă äãŋłæĺĺ F (x) ćĺďă F (x) = f(cos x), x ∈ R. ŃĚŇŇĂ 3.1. Ŕãáâì λ ≥ 0, 0 < τ ≤ π/2, äãŋłæĺï F (x) = f(cos x) ŋěŕàěàëćŋă ŕàĺ ćáěå

x ∈ R ĺ F (x) = 0, x ∈ [τ, π]. Šőčďă äãŋłæĺï G(x) = T_τ F (x) ïćńïěâáï ŋěŕàěàëćŋőľ ŕàĺ ćáěå x ∈ R ĺ G(x) = 0, x ∈ [2τ, π]. ĎŐŁĂĞĂŠĚŃĲŚŠĆŐ. Ŕàĺ λ = 0 ãâćěàęďěŋĺï ńěňňë ńěčłő ŕàőćěàïîâáï. Ŕãáâì

λ > 0. Ŋěŕàěàëćŋőáâì äãŋłæĺĺ G őçěćĺďŋă. Ŕő ãáńőćĺî ńěňňë ĺňěěň f(u) = 0, u ∈ [−1, cos τ]. (3.2)

Ťãŋłæĺï A(x, τ, φ) = cos x cos τ + sin x sin τ cos φ ŕàĺŋĺňăěâ áćőĺ ğŋăçěŋĺï ć őâàěğłě

[−1, cos τ], ěáńĺ 0 < τ ≤ π/2, 0 ≤ φ ≤ π, 2τ ≤ x ≤ π. (3.3) Ďěľáâćĺâěńìŋő, ć íâőň áńãçăě sin x sin τ ≥ 0, ŕőíâőňã ŕàĺ äĺłáĺàőćăŋŋëå τ ∈ (0, π/2], x ∈

[2τ, π] äãŋłæĺï A(x, τ, φ) ňőŋőâőŋŋő ĺğňěŋïěâáï ć őâàěğłě [cos(x + τ), cos(x − τ)], łőčďă φ

ňěŋïěâáï őâ π ďő 0, ŕàĺ íâőň [cos(x+τ), cos(x−τ)] ⊆ [−1, cos τ]. Ŕőíâőňã −1 ≤ A(x, τ, φ) ≤

cos τ, ěáńĺ ćëŕőńŋěŋő (3.3). Őâáîďă, (3.1) ĺ (3.2) ŕőńãçăěň ãâćěàęďěŋĺě ńěňňë.

Ŋăŕőňŋĺň, çâő çěàěğ Rk = Rk,λ, k = 0, 1, 2, . . ., λ ≥ 0 ňë őąőğŋăçăńĺ ŕőńĺŋőňë

R_{k,0}(x) = cos kx, R_{k,λ}(x) = C^λ_k (cos x)/C^λ_k (1), λ > 0, (3.4) čďě C^λ_k (u) = [k/2]∑

l=0 (−1)^lΓ(k − l + λ)(2u)^{k−2l} Γ(λ) Γ(l + 1) Γ(k − 2l + 1)

ěáâì ňŋőčőçńěŋ Čěčěŋąăãíàă (ãńìâàăáäěàĺçěáłĺľ ňŋőčőçńěŋ) (áň. [40, áâà. 96, äőàňãńă

(4.7.31)]). Ĺğćěáâŋë (áň. [40, á.91,92,175], [38, á.399]) áńěďãîéĺě áćőľáâćă ŕőńĺŋőňőć (3.4) R_k(t) = (−1)^kR_k(π − t), (3.5) | R_k(t) |≤ R_k(0) = 1, (3.6) ∫_π 0 R_k(x)R_l(x) sin^{2λ} x dx = 0, k ≠ l, (3.7)

čďě k, l ∈ Z+, t ∈ R, λ ≥ 0. Ć çăáâŋőáâĺ, ć ŕàőáâàăŋáâćě L^2_λ äãŋłæĺľ áő áłăńïàŋëň ŕàőĺğćěďěŋĺěň

(F, G)_λ = ∫_π 0 F (x)G(x) sin^{2λ} x dx, λ ≥ 0 (3.8)

ŕőńĺŋőňë Rk, k ∈ Z+ őąàăğãîâ őàâőčőŋăńìŋãî áĺáâěňã.

Ć 1954 čőďã Ś. Ąőåŋěà [34] (áň. âăłęě [35]) ććěń ŕőŋïâĺě ãńìâàăáäěàĺçěáłőľ áćěàâłĺ ďńï äãŋłæĺľ F (x) = f(cos x), G(x) = g(cos x) ĺğ L^2_λ, λ ≥ 0

(F ∗ G)_λ(t) = ∫_π 0 {T_xF (t)}G(x) sin^{2λ} x dx ĺ, őŕĺàăïáì ŋă àěğãńìâăâ (1.22) Ń. Čěčěŋąăãíàă, ďőłăğăń łőňňãâăâĺćŋőáâì íâőľ őŕěàăæĺĺ

(F ∗ G)_λ(t) = (G ∗ F )_λ(t), t ∈ R. (3.9)

Ŕőáłőńìłã TxF (t) = TtF (x) ďńï ńîąëå x, t ĺğ R, âő àăćěŋáâćő (3.9) őğŋăçăěâ áăňőáőŕàïęěŋŋőáâì ãńìâàăáäěàĺçěáłőčő áďćĺčă. Šő ěáâì áŕàăćěďńĺćă

ŃĚŇŇĂ 3.2. Ŕãáâì λ ≥ 0, t ∈ R ĺ äãŋłæĺĺ F (x) = f(cos x), G(x) = g(cos x) ŕàĺŋăďńě-

ęăâ ŕàőáâàăŋáâćã L^2_λ. Šőčďă áŕàăćěďńĺćő àăćěŋáâćő

(T_tF, G)_λ = (F, T_tG)_λ. (3.10)

4 Ćáŕőňőčăâěńìŋëě ãâćěàęďěŋĺï.

Řăááňőâàĺň áńěďãîéěě ňŋőęěáâćő äãŋłæĺľ

Φ^λ_n = F (x) = ∑ k≥n ρ_kR_k(x) : F (0) = ∑ k≥n ρ_k = 1, ćáě ρ_k ≥ 0 , (4.1)

čďě λ ≥ 0, n ∈ N, Rk = Rk,λ – łőáĺŋãá-ŕőńĺŋőňë (3.4) Čěčěŋąăãíàă. İâő ňŋőęěáâćő ïćńïěâáï ćëŕãłńëň ŕőďňŋőęěáâćőň ŕàőáâàăŋáâćă C[0, π] ŋěŕàěàëćŋëå ŋă [0, π] äãŋłæĺľ.

ŐŔŘĚĎĚŃĚŊĹĚ 4.1. Ŕőńőęĺâěńìŋőě çĺáńő σ = σ(Φ^λ_n) ŋăğőćěň âőçłőľ Ůěàŋëåă ďńï

ňŋőęěáâćă Φ^λ_n, ěáńĺ őďŋőćàěňěŋŋő ćëŕőńŋïîâáï áńěďãîéĺě ďćă ãáńőćĺï

(a) ďńï ńîąőľ äãŋłæĺĺ F ∈ Φ^λ_n ŋăľďěâáï âőçłă x^∗ ∈ (0, σ), ć łőâőàőľ F (x^∗) < 0;

(b) ďńï ńîąőčő δ ∈ (0, σ) ŋăľďãâáï äãŋłæĺï Fδ ∈ Φ^λ_n ĺ çĺáńő ε > 0, âăłĺě çâő Fδ (x) ≥ ε ŕàĺ ćáěå x ∈ [0, δ].

Řěğãńìâăâë (2.1), (2.2) Ŋ.Ĺ. Ůěàŋëå íłćĺćăńěŋâŋë àăćěŋáâćã

σ(Φ^0_n) = π/n, n = 1, 2, . . .. (4.2)

Ć.đ. Ŕőŕőć [25, âěőàěňă 3] ŕőńãçĺń àěğãńìâăâ, ĺğ łőâőàőčő ćëâěłăěâ ŋěàăćěŋáâćő

σ(Φ^λ_n) ≤ 2π/(n + 1), λ = 1/2, λ = 1, n = 1, 2, . . .. (4.3)

Őďŋĺň ĺğ őáŋőćŋëå àěğãńìâăâőć íâőčő ŕãŋłâă ïćńïěâáï

ŃĚŇŇĂ 4.1. Ŕãáâì λ ≥ 0, n = 1, 2, . . .. Šőčďă áŕàăćěďńĺćë őæěŋłĺ τ_{n,λ} ≤ σ(Φ^λ_n) ≤ 2τ_{n,λ}, (4.4) čďě τ_{n,λ} ěáâì ŕěàćëľ ŕőńőęĺâěńìŋëľ ŋãńì ŕőńĺŋőňă R_n(x) (áň. (3.4), (2.5)).

ĞĂŇĚŮĂŊĹĚ 4.1. Ŕàĺ λ = 0, ć áĺńã àăćěŋáâćă (4.2) Ŋ.Ĺ. Ůěàŋëå, σ(Φ^0_n) = 2τn,0.

Ŕàĺ λ = 1/2, n = 1 ĺ ŕàĺ λ = 1, n ≥ 1 őæěŋłă áćěàåã ć (4.4) áőćŕăďăěâ á ŋěàăćěŋáâćőň

(4.3) Ć.đ. Ŕőŕőćă, ă ŕàĺ λ = 1/2, n ≥ 2 − ãâőçŋïěâ ěčő, â.ł. 2τ_{n,1/2} < 2π/(n + 1) (áň. [40,

á.147, (6.6.4)]).

Ďőłăğăâěńìáâćő ńěňňë 4.1. Őæěŋłă áŋĺğã τn,λ ≤ σ(Φ^λ_n) ćëâěłăěâ ĺğ âőčő, çâő äãŋłæĺï

R_n ŕàĺŋăďńěęĺâ ňŋőęěáâćã Φ^λ_n ĺ ãďőćńěâćőàïěâ ŋěàăćěŋáâćã R_n(x) ≥ R_n(δ) > 0 ŕàĺ ćáěå

x ∈ (0, δ) ĺ δ ∈ (0, τ_{n,λ}). Ďőłăğăâěńìáâćő őæěŋłĺ áćěàåã

σ(Φ^λ_n) ≤ 2τ_{n,λ} (4.5)

ąãďěň ŕàőćőďĺâì ŕő áåěňě Ŋ.Ĺ. Ůěàŋëå [6]. Ă ĺňěŋŋő, ŕőáâàőĺň ćěá – ŋěőâàĺæăâěńìŋãî, ŋěŋãńěćãî ĺ ĺŋâěčàĺàãěňãî ŋă [0, 2τn,λ] äãŋłæĺî v = vn,λ, ãďőćńěâćőàïîéãî ãáńőćĺïň ∫_{2τn,λ} 0 R_k(x) v(x) dx ≤ 0, k ≥ n. (4.6) İâĺ ãáńőćĺï ďăďãâ ŋăň ŋěàăćěŋáâćő (4.5), â.ł. ďńï łăęďőľ äãŋłæĺĺ

F (x) = ∑ k≥n ρ_k R_k(x), F (0) = 1, ρ_k ≥ 0, k ≥ n

ĺğ Φ^λ_n ňë ĺňěńĺ ąë ∫_{2τn,λ} 0 F (x) v(x) dx = ∑ k≥n ρ_k ∫_{2τn,λ} 0 R_k(x) v(x) dx ≤ 0. Őâáîďă, ććĺďã ŋěâàĺćĺăńìŋőáâĺ ĺ ŋěőâàĺæăâěńìŋőáâĺ v, áńěďőćăńő ąë áãéěáâćőćăŋĺě âőçłĺ x^∗ = x^∗(F ) ĺğ őâłàëâőčő ĺŋâěàćăńă (0, 2τn,λ), ć łőâőàőľ F (x^∗) < 0.

Ĺďěï ŕőáâàőěŋĺï ĺáłőňőčő ćěáă v ąńĺğłă ł âőľ, łőâőàăï ŕàĺňěŋïńăáì Ć.Ă. đďĺŋëň ć àăąőâě [24]. Ŕàěďćăàĺâěńìŋő ňë őŕàěďěńĺň çěâŋãî 2π-ŕěàĺőďĺçěáłãî ŋěŕàěàëćŋãî äãŋłæĺî V = Vn,λ, łőâőàãî ďőáâăâőçŋő ğăďăâì ŋă őâàěğłě [0, π] V (x) = R_n(x), 0 ≤ x ≤ τ_{n,λ}; V (x) = 0, τ_{n,λ} < x ≤ π. (4.7) Ĺáłőňëľ ćěá v = vn,λ őŕàěďěńĺň ŕő äőàňãńě

v(x) = (sin^{2λ} x)T_{τn,λ} V (x), x ∈ R, (4.8)

čďě Tt ěáâì (3.1) ãńìâàăáäěàĺçěáłĺľ áďćĺč á èăčőň t. Ĺğ őŕàěďěńěŋĺï (3.1) ćĺďŋő, çâő v ïćńïěâáï ŋěŋãńěćőľ, ŋěőâàĺæăâěńìŋőľ ĺ ŋěŕàěàëćŋőľ ŋă ğăňłŋãâőň őâàěğłě [0, π] äãŋłæĺěľ. Ŕàĺ n = 1, 2, . . ., ć áĺńã áćőľáâć (3.5)–(3.7), ŕěàćëľ ŕőńőęĺâěńìŋëľ ŋãńì ŕőńĺŋőňă Rn ãďőćńěâćőàïěâ ŋěàăćěŋáâćăň 0 < τn,λ ≤ π/2. Őâáîďă ŕő ńěňňě 3.1 ĺňěěň v(x) = 0, x ∈ [2τ_{n,λ}, π]. (4.9) Ĺáŕőńìğãï (3.10) – áăňőáőŕàïęěŋŋőáâì őŕěàăâőàă Tt, ŕőńãçăěň

a_k(v) = ∫_{2τn,λ} 0 v(x) R_k(x) dx = ∫_π 0 v(x) R_k(x) dx = = (T_{τn,λ} V, R_k)_λ = (V, T_{τn,λ}R_k)_λ = = R_k(τ_{n,λ}) ∫_{τn,λ} 0 R_n(x) R_k(x) sin^{2λ} x dx. (4.10)

Ĺğćěáâŋő (áň. [40, á.79]), çâő äãŋłæĺĺ

φ_l(x) = R_l(x) sin^λ x, l = 1, 2, . . .

ãďőćńěâćőàïîâ ãàăćŋěŋĺî

φ^{′′}_l (x) − q(x, λ)φ_l(x) = −(l + λ)^2φ_l(x), (4.11)

q(x, λ) = λ(λ − 1) sin^{−2} x.

Řăááňőâàĺň ćëàăęěŋĺě

c(n, k) = {(n + λ)^2 − (k + λ)^2} ∫_{τn,λ} 0 φ_n(x) φ_k(x) dx. Ŕàĺňěŋïï áâăŋďăàâŋëľ ŕàĺěň á ĺáŕőńìğőćăŋĺěň ãàăćŋěŋĺï (4.11), ŕőńãçĺň c(n, k) = ∫_{τn,λ} 0 {φ^{′′}_k(x) φ_n(x) − φ_k(x) φ^{′′}_n(x)}dx = = {φ^′_k(x)φ_n(x) − φ_k(x)φ^′_n(x)} | | |^{τn,λ}_0 = = −φ_k(τ_{n,λ})φ^′_n(τ_{n,λ}) = − ( sin^{2λ} τ_{n,λ} ) R_k(τ_{n,λ})R^′_n(τ_{n,λ}). Őâáîďă ĺ (4.10) ćëâěłăěâ, çâő_a n(v) = 0, a_k (v) = R_k(τ_{n,λ}) { (n + λ)^2 − (k + λ)^2 }_{−1} c(k, n) = = { (k + λ)^2 − (n + λ)^2 }_{−1} ( sin^{2λ} τ_{n,λ} ) R^2_k(τ_{n,λ})R^′_n(τ_{n,λ}) ≤ 0 ŕàĺ k > n, â.ł. R^′_n(τn,λ) < 0, n = 1, 2, . . . (ŕőáłőńìłã ćáě ŋãńĺ ŕőńĺŋőňă Rn ćěéěáâćěŋŋëě, ŕàőáâëě ĺ ŕàĺ ŕěàěåőďě çěàěğ âőçłã τn,λ äãŋłæĺï Rn ňěŋïěâ ğŋăł á + ŋă −). Šő ěáâì ňë ŋăèńĺ ćěá v, ãďőćńěâćőàïîéĺľ ãáńőćĺïň (4.6). Ńěňňă ďőłăğăŋă.

Ćâőàőě őáŋőćŋőě ãâćěàęďěŋĺě íâőčő ŕãŋłâă ŕàĺŋăďńěęĺâ Ć.Ć. Ăàěáâőćã ĺ ŕãąńĺłãěâáï ğďěáì á ěčő àăğàěèěŋĺï.

ŃĚŇŇĂ 4.2. Ŕãáâì ŋă őâàěğłě [0, τ] ğăďăŋă áĺáâěňă ŋěŕàěàëćŋëå äãŋłæĺľ Pk , k =

1, 2, . . ., ãďőćńěâćőàïîéăï áńěďãîéĺň âàěň ãáńőćĺïň

(a) P_k(0) = 0, k = 1, 2, . . .;

(b) áãéěáâćãěâ ăąáőńîâŋăï łőŋáâăŋâă M ≥ 1 âăłăï, çâő | P_k(t) |≤ M ŕàĺ t ∈ [0, τ], k = 1, 2, . . .; (c) ďńï ńîąőčő ξ ∈ (0, τ] ćëŕőńŋïěâáï ŋěàăćěŋáâćő lim_{k→∞}{ max_{t∈[ξ,τ ]} P_k(t)} ≤ 1. Šőčďă ďńï ńîąőčő ε^∗ ∈ (0, 1) ŋăľďěâáï äãŋłæĺï

F (t) = ∑ k≥1 ρ_k P_k (t), ∑ k≥1 ρ_k = 1

á ŋěőâàĺæăâěńìŋëňĺ łőíääĺæĺěŋâăňĺ ρ_k ≥ 0, k = 1, 2, . . ., âăłăï, çâő

F (t) ≤ 1 + ε^∗, t ∈ [0, τ] (4.12)

ĎŐŁĂĞĂŠĚŃĲŚŠĆŐ. Ćőğìňěň 0 < ε < ε^∗. Ŕőńőęĺň F1(t) = P1(t). Ŕãáâì ŕőáâàőě-

ŋă äãŋłæĺï

F_n(t) = N (n)∑

k=1 ρ_kP_k(t), N (n)∑

k=1 ρ_k = 1, ρ_k ≥ 0.

Ćëąěàěň çĺáńő θ ∈ (0, 1), ãďőćńěâćőàïîéěě ãáńőćĺî θM ≤ 1 − ε. Ŕőáâàőĺň Fn+1 áńěďãîéĺň őąàăğőň. Ćőğìňěň âăłőě çĺáńő δn ∈ (0, τ), çâőąë ćëŕőńŋïńőáì ŋěàăćěŋáâćő (1 − θ)F_n(t) ≤ ε, t ∈ [0, δ_n]. Šěŕěàì ćëąěàěň N(n + 1) âăłőě, çâőąë P_{N (n+1)}(t) ≤ 1 + ε = E, t ∈ [δ_n, τ]. Ŕőńőęĺň Fn+1(t) = θP_{N (n+1)}(t) + (1 − θ)Fn(t). Ďńï t ∈ [0, δn] ĺňěěň

F_{n+1}(t) ≤ θM + (1 − θ)ε ≤ 1 − ε + (1 − θ)ε = 1 + εθ ≤ 1 + ε 1 − ε M ≤ 1 + ε = E. Őąőğŋăçĺň çěàěğ Mk = max {Fk(t) : 0 ≤ t ≤ τ}, k = 1, 2, . . ., n, őçěćĺďŋő, çâő Mk ≤ M. Ŕàĺ t ∈ [δn, τ] ŕőńãçăěň_F n+1(t) ≤ θE + (1 − θ)M_n, M_n ≤ max{E, θE + (1 − θ)M_{n−1}}, . . M_2 ≤ max{E, θE + (1 − θ)M_1}. Ŕőáłőńìłã ćëàăęěŋĺě θE + (1 − θ){θE + (1 − θ){θE + (1 − θ){. . . (1 − θ)M_1}} . . .} = = θE{1 + (1 − θ) + (1 − θ)^2 + . . . + (1 − θ)^{n−1} + (1 − θ)^nM_1/(θE)}

ŕàĺ n → ∞ áâàěňĺâáï ł θE/{1 − (1 − θ)} = E = 1 + ε ĺ ńîąăï áãňňă ćĺďă θE{1 + (1 − θ) + . . . + (1 − θ)^{k−1} + (1 − θ)^k /θ}, k = 1, 2, . . ., n àăćŋă E = 1 + ε, âő íâő ćńěçěâ ŋěàăćěŋáâćő limn→∞Mn ≤ 1 + ε, çâő íłćĺćăńěŋâŋő ãâćěàęďěŋĺî ńěňňë.

Ć áńěďãîéěň ŕãŋłâě ŋăň âăłęě ŕőŋăďőąĺâáï őçěćĺďŋőě ãâćěàęďěŋĺě. Ŕàěďńőęěŋĺě 4.1. Ěáńĺ r ≥ 1, | u |≤ 1, âő 1 − ru ≤ (1 − u)^r. Ěáńĺ 0 < r < 1, | u |≤ 1, âő

2^{r−1}(1 − u) ≤ (1 − u)^r.

5 Ďőłăğăâěńìáâćő âěőàěňë 2.1.

Ŋăçŋěň á ďőłăğăâěńìáâćă ãâćěàęďěŋĺï (A) âěőàěňë 2.1. Ŕãáâì r ≥ 1, ć áĺńã áőőâŋőèěŋĺľ

(1.19), (1.22), (1.15), (1.14) ĺ ŕàěďńőęěŋĺï 4.1 ďőáâăâőçŋő ãáâăŋőćĺâì ŋěàăćěŋáâćő ∑ k≥n ρ_k < sup 0<t≤2τn,λ ∑ k≥n {1 − rR_k(t)}ρ_k (5.1)

ďńï ńîąőľ ŕőáńěďőćăâěńìŋőáâĺ ŋěőâàĺæăâěńìŋëå çĺáěń ρk ≥ 0, k = n, n + 1, . . ., ãďőćńěâćőàïîéěľ ãáńőćĺî^∑_{k≥n} ρk = 1. Ğăňěâĺň, çâő àïď, áâőïéĺľ ć ŕàăćőľ çăáâĺ (5.1) ňőęŋő ŕàěďáâăćĺâì ć ćĺďě_∑ k≥n {1 − rR_k(t)}ρ_k = ∑ k≥n ρ_k − rF (t),

čďě äãŋłæĺï F (t) =^∑_{k≥n} ρkRk(t) ŕàĺŋăďńěęĺâ ňŋőęěáâćã Φ^λ_n (áň. (4.1)). Ć áĺńã ńěňňë 4.1 âőçłă Ůěàŋëåă ďńï ňŋőęěáâćă Φ^λ_n ãďőćńěâćőàïěâ ŋěàăćěŋáâćã σ(Φ^λ_n) ≤ 2τ_{n,λ}. Śńěďőćăâěńìŋő, (áň. őŕàěďěńěŋĺě 4.1, çăáâì (a)) ďńï F ŋăľďěâáï âőçłă x^∗ ∈ (0, 2τn,λ), ć łőâőàőľ F (x^∗) < 0. Ŕőíâőňã áŕàăćěďńĺćő ŋěàăćěŋáâćő sup 0<t≤2τn,λ ∑ k≥n ρ_k − rF (t) > ∑ k≥n ρ_k, łőâőàőě áőćŕăďăěâ á (5.1). Śńãçăľ 0 < r < 1 ŕőńãçăěâáï ăŋăńőčĺçŋő.

Ďńï ďőłăğăâěńìáâćă ãâćěàęďěŋĺï (B) âěőàěňë 2.1 ćőáŕőńìğãěňáï ńěňňőľ 4.2 Ć.Ć. Ăàěáâőćă. Ŕãáâì r > 0, 0 < τ < π. Śĺáâěňă äãŋłæĺľ P_k(t) = {1 − R_{n+k}(t)}^r, k = 0, 1, . . ., łăł ĺğćěáâŋő (áň. [40, á.175, (b). Ťőàňãńă Ďăàąã, äőàňãńă(7.32.2)]), ãďőćńěâćőàïěâ ćáěň ãáńőćĺïň ńěňňë 4.2. Ŕőíâőňã ďńï ńîąőčő ε ∈ (0, 1) ŋăľďěâáï ŕőáńěďőćăâěńìŋőáâì ŋěőâàĺæăâěńìŋëå çĺáěń ρ0, ρ1, . . . âăłăï, çâő^∑_{k≥0} ρk = 1 ĺ ∑ k≥0 ρ_k / sup 0<t≤τ ∑ k≥0 {1 − R_{n+k} (t)}^rρ_k ≥ 1 1 + ε . Şáâàěňńïï ε ł ŋãńî, ŕőńãçĺň âàěąãěňőě ãâćěàęďěŋĺě.

Ďńï ďőłăğăâěńìáâćă ãâćěàęďěŋĺï (C) âěőàěňë 2.1 ŕàĺ r = 1 ďőáâăâőçŋő, ć áĺńã ńěňňë 4.2, ŕőáâàőĺâì ŕőáńěďőćăâěńìŋőáâì äãŋłæĺľ FN , N = n + 1, n + 2, . . ., ćĺďă

F_N (x) = ∑_N k=n+1 ρkRk(x), FN (0) = 1 á ŋěőâàĺæăâěńìŋëňĺ łőíääĺæĺěŋâăňĺ ρk, k ≥ n + 1

âăłãî, çâőąë ŕàĺ ńîąőň ξ ∈ (0, π] ćëŕőńŋïńőáì ąë áőőâŋőèěŋĺě

‖F_N ‖_{C[ξ,π]} → 0 ŕàĺ N → ∞. (5.2)

Ć áńãçăě 0 < r < 1 ďőáâăâőçŋő ąãďěâ ğăâěň ŕàĺňěŋĺâì ŋěàăćěŋáâćő Ľěŋáěŋă^{∑N}_{k=n+1} ρk{1 − R_k(x)}^r ≤ {∑_N k=n+1 ρk{1 − Rk(x)} }_r , ∑_N k=n+1 ρk = 1, ρk ≥ 0, k ≥ n + 1. Ŕàĺňěà âăłőľ ŕőáńěďőćăâěńìŋőáâĺ äãŋłæĺľ ňőęŋő ŕőáâàőĺâì á ŕőňőéìî äőàňãńë Łàĺáâőääěńï–Ďăàąã (áň. [40, čń.3, § 3.2], [41, äőàňãńë (1.4), (2.4), (2.5), (2.7), (4.7),

(4.14)]), ă âăłęě àăćěŋáâćă (áň. [40, (4.7.14)])^d_{dt} C^λ_k (t) = 2λC^{λ+1}_{k−1} (t) ďńï ŕàőĺğćőďŋëå ăńčě-

ąàăĺçěáłĺå ňŋőčőçńěŋőć Čěčěŋąăãíàă. Ă ĺňěŋŋő, ŕàĺ t = cos x ŕőńőęĺň (áň. (3.4))

P_k(t) = R_k(arccos t) =

C^λ_k (t)

C^λ_k (1) , k = 0, 1, . . .,

Q_N (t) = N∑ k=0 r_kP_k(t), r_k = k + λ λ ( k + 2λ − 1 k ) . Śńěďãîéăï ŕőáńěďőćăâěńìŋőáâì äãŋłæĺľ FN (x) = F^∗_N (t), t = cos x,

F^∗_N (t) =

Q_N (t) − Q_n(t)

Q_N (1) − Q_n(1) = ∑_N k=n+1 rkPk(t) ∑_N k=n+1 rk , N = n + 1, n + 2, . . ., ïćńïěâáï ĺáłőňőľ, â.ł. F^∗_N (t) ŕàěőąàăğãěâáï ł ćĺďã

F^∗_N (t) =

2λ + 1 2λ(1 − t) · (_{N +2λ} N ) {P_N (t) − P_{N +1}(t)} − (_{n+2λ} n ) {P_n(t) − P_{n+1}(t)} (_{N +2λ} N ) (2λ + 1 + 2N) − (_{n+2λ} n ) (2λ + 1 + 2n)

ĺ (áň., ŋăŕàĺňěà, [32, á.248])^{(N +2λ}_N^) =^{N 2λ}_{Γ(2λ+1)}^{1 + O^{( 1}_N^{)}} . Šěőàěňă 2.1 ďőłăğăŋă.

ĞĂŇĚŮĂŊĹĚ 5.1. Ĺáŕőńìğãï (4.6), (4.8), ňőęŋő ŕőńãçĺâì ďőłăğăâěńìáâćő ãâćěà-

ęďěŋĺï (A) âěőàěňë 2.1 ć áńãçăě r > 1 áŕőáőąőň, ŕàěďńőęěŋŋëň ć àăąőâě Ć.Ć. Ÿăńăěćă

[39, âěőàěňă 1, áńěďáâćĺě 1]

ĞĂŇĚŮĂŊĹĚ ŔŘĹ ŁŐŘŘĚŁŠŞŘĚ. Ć 1995 č. Ć.Ć.Ăàěáâőć ĺ Ć.đ.Ŕőŕőć őŕã-

ąńĺłőćăńĺ [42] ďőłăğăâěńìáâćő âőçŋőčő ŋěàăćěŋáâćă Ďęěłáőŋă–Śâěçłĺŋă ć ŕàőáâàăŋáâćě

L^2(S^{m−1}), m = 3, 4, ăŋŋőŋáĺàőćăŋŋőčő ĺňĺ ć [27].

Ďăŋŋăï àăąőâă őąáãęďăńăáì ć Şàăńìáłőň čőáãďăàáâćěŋŋőň ãŋĺćěàáĺâěâě ŋă áěňĺŋăàě ŕőď àãłőďáâćőň ŕàőäěááőàă Ć.Ć.Ăàěáâőćă. Ăćâőà ąńăčőďăàěŋ ŕàőäěááőàã Ć.Ć.Ăàěáâőćã, ă âăłęě ďőæěŋâã Ć.đ.Ŕőŕőćã ğă ŕőńěğŋëě őąáãęďěŋĺï.

ŚŔĹŚŐŁ ŰĹŠĹŘŐĆĂŊŊŐĽ ŃĹŠĚŘĂŠŞŘŻ

[1] Jackson D. On Approximation by Trigonometric Sums and Polinomials // Trans. Amer.

Math. Soc., 1912, v. 13, 491–515.

[2] Ăåĺěğěà Ŋ.Ĺ. Ńěłæĺĺ ŕő âěőàĺĺ ăŕŕàőłáĺňăæĺĺ.– Ň.: Čőáâěåĺğďăâ, 1947, 323 á. [3] Śâěçłĺŋ Ś.Ą. Ő ŕőàïďłě ŋăĺńãçèĺå ŕàĺąńĺęěŋĺľ ŋěŕàěàëćŋëå äãŋłæĺľ // Ĺğć. ĂŊ ŚŚŚŘ, áěàĺï ňăâěň., 1951, â. 15, á. 219–242.

[4] Šĺňăŋ Ă.Ť. Šěőàĺï ŕàĺąńĺęěŋĺï äãŋłæĺľ ďěľáâćĺâěńìŋőčő ŕěàěňěŋŋőčő.– Ň.: Ťĺğňăâčĺğ, 1960, 624 á.

[5] Łőàŋěľçãł Ŋ.Ŕ. Šőçŋăï łőŋáâăŋâă ć âěőàěňě Ď. Ďęěłáőŋă ő ŋăĺńãçèěň àăćŋőňěàŋőň ŕàĺąńĺęěŋĺĺ ŋěŕàěàëćŋëå ŕěàĺőďĺçěáłĺå äãŋłæĺľ // Ďőłń. ĂŊ ŚŚŚŘ, 1962, â. 145,

N 3, á.514–515.

[6] Ůěàŋëå Ŋ.Ĺ. Ő ŋěàăćěŋáâćě Ďęěłáőŋă ć L2 // Šàãďë ŇĹ ĂŊ ŚŚŚŘ, 1967, â. 88, á.

71–74.

[7] Ůěàŋëå Ŋ.Ĺ. Ő ŋăĺńãçèěň ŕàĺąńĺęěŋĺĺ ŕěàĺőďĺçěáłĺå äãŋłæĺľ âàĺčőŋőňěâàĺçěáłĺňĺ ŕőńĺŋőňăňĺ ć L2 // Ňăâěň. ğăňěâłĺ, 1967, â. 2, ć. 5, á. 513–522.

[8] Łőàŋěľçãł Ŋ.Ŕ. Ő âőçŋőľ łőŋáâăŋâě ć ŋěàăćěŋáâćě Ďęěłáőŋă ďńï ŋěŕàěàëćŋëå ŕěàĺőďĺçěáłĺå äãŋłæĺľ // Ňăâěň. ğăňěâłĺ, 1982, â. 32, ć. 3, á. 669–674.

[9] Arestov V.V., Chernykh N.I. On the L_2-approximation of periodic functions by trigonometric polynomials // In: Approximation and functions spaces.– Proc. Conf. Gdan^′sk, 1979.– Amsterdam: North-Holland, 1981, 25–43.

[10] Ůěàŋëå Ŋ.Ĺ. Ŋěàăćěŋáâćő Ďęěłáőŋă ć L_p(0, 2π) (1 ≤ p < 2) á âőçŋőľ łőŋáâăŋâőľ //

Šàãďë ŇĹŘĂŊ, 1992, â. 198, á. 232–241.

[11] Ęãł Ć.Ć. Ăŕŕàőłáĺňăæĺï ŕěàĺőďĺçěáłĺå äãŋłæĺľ.– Ń.: ŃČŞ, 1982, 366 á.

[12] Ąăąěŋłő Ă.Č. Ő âőçŋőľ łőŋáâăŋâě ć ŋěàăćěŋáâćě Ďęěłáőŋă ć L^2 // Ňăâěň. ğăňěâłĺ, 1986, â. 39, ć. 5, á. 651–664.

[13] Ąăąěŋłő Ă.Č. Ő ŋěàăćěŋáâćě Ďęěłáőŋă ć ŕàőáâàăŋáâćě L^2 // Ăŕŕàőłáĺňăæĺï ć łőŋ-

łàěâŋëå ĺ ăąáâàăłâŋëå ąăŋăåőćëå ŕàőáâàăŋáâćăå. Śćěàďńőćáł: ŞŊŰ ĂŊ ŚŚŚŘ, 1987, á. 4–14.

[14] Ÿăłěŋőćă Ň.Ę. Ő âőçŋőň ŋěàăćěŋáâćě ňěęďã ŋăĺńãçèĺňĺ ŕàĺąńĺęěŋĺïňĺ ĺ ňőďã-

ńěň čńăďłőáâĺ ŕőńőęĺâěńìŋőčő ŕőàïďłă ć Lp[0, 2π]^2 // Ŕàĺňěŋěŋĺě ňěâőďőć âěőàĺĺ äãŋłæĺľ ĺ äãŋłæĺőŋăńìŋőčő ăŋăńĺğă ł ğăďăçăň ňăâěňăâĺçěáłőľ äĺğĺłĺ. Šěğ. ďőłń.– Ăńňăâë, 1993, á. 178–179.

[15] Gronwall T.H. On the degree of convergence of Laplace’s series // Trans. Amer. Math. Soc., 1914, v. 15, 1–30.

[16] Ŋĺłőńìáłĺľ Ś.Ň., Ńĺğőàłĺŋ Ŕ.Ĺ. Ŕàĺąńĺęěŋĺě áäěàĺçěáłĺňĺ ŕőńĺŋőňăňĺ // Šàãďë

ŇĹĂŊ, 1984, â. 166, á.186–200.

[17] Ťěďőàőć Ć.Ň. Ŕàĺąńĺęěŋĺě äãŋłæĺľ ŋă áäěàě // Ćěáâŋ. Ňőáł. Şŋ–âă. Śěà. 1, Ňăâě-

ňăâĺłă. Ňěåăŋĺłă. 1990, N 1, á. 15–23.

[18] Ńĺğőàłĺŋ Ŕ.Ĺ. Ő ŕàĺąńĺęěŋĺĺ äãŋłæĺľ ŋă áäěàě σ. Ő ŕàőáâàăŋáâćăå B^α_{p,q}(σ) // ĎĂŊ, 1993, â. 331, N 5, á. 555–558.

[19] Ŋĺłőńìáłĺľ Ś.Ň., Ńĺğőàłĺŋ Ŕ.Ĺ. Ăŕŕàőłáĺňăæĺï äãŋłæĺľ ŋă áäěàě // Ĺğćěáâĺï ĂŊ

ŚŚŚŘ. Śěàĺï ňăâěň. 1987, â. 51, N 3, á.635–651.

[20] Ćěąáâěà Ă., Śěčě Č. Ďĺääěàěŋæĺăńìŋëě ãàăćŋěŋĺï ć çăáâŋëå ŕàőĺğćőďŋëå ňăâěňăâĺ-

çěáłőľ äĺğĺłĺ. Ň., Ń.: ŐŊŠĹ ČŠŠĹ, 1934, 320 á.

[21] Łãèŋĺàěŋłő Č.Č. Ő ŕàĺąńĺęěŋĺĺ äãŋłæĺľ, ğăďăŋŋëå ŋă ěďĺŋĺçŋőľ áäěàě, łőŋěçŋëňĺ

áäěàĺçěáłĺňĺ áãňňăňĺ // Ŋăãçŋëě ďőłńăďë ćëáèěľ èłőńë. Ťĺğĺłő-ňăâěň. ŋăãłĺ,

1958, â. 3, N 4, á. 47–53.

[22] Łãèŋĺàěŋłő Č.Č. Ŋěłőâőàëě ćőŕàőáë ŕàĺąńĺęěŋĺï ŋěŕàěàëćŋëå äãŋłæĺľ ŋă ěďĺŋĺç-

ŋőľ áäěàě łőŋěçŋëňĺ áäěàĺçěáłĺňĺ áãňňăňĺ // Šàãďë Ţăàìłőćáłőčő ŕőńĺâěåŋĺçěáłőčő ĺŋáâĺâãâă. Śěàĺï ĺŋęěŋěàŋő-äĺğĺçěáłăï. 1959. Š.XXV, ćëŕ.3. Ś.3–22.

[23] Řãáâăňőć Ţ.Ŕ. Ő ŕàĺąńĺęěŋĺĺ äãŋłæĺľ ŋă áäěàě // Ĺğćěáâĺï Ăłăďěňĺĺ ŋăãł, áěàĺï

ňăâěň., 1993, â. 57, N 5, á. 127–148.

[24] đďĺŋ Ć.Ă. Ňŋőčőňěàŋăï âěőàěňă Ďęěłáőŋă ć L_2 // Ňăâěň. ğăňěâłĺ, 1981, â. 29, ć. 2,

á. 309–315.

[25] Ŕőŕőć Ć.đ. Ő âőçŋëå łőŋáâăŋâăå ć ŋěàăćěŋáâćăå Ďęěłáőŋă ďńï ŋăĺńãçèĺå áäěàĺ-

çěáłĺå áàěďŋěłćăďàăâĺçŋëå ŕàĺąńĺęěŋĺľ // Ĺğć. ĆŞĞőć. Ňăâěňăâĺłă, 1981, N 12, á.

67–78.

[26] Ÿăńăěć Ć.Ć. Šőçŋëě őæěŋłĺ ŕàĺąńĺęěŋĺï ŋěŕàěàëćŋëå ŋă áäěàě äãŋłæĺľ ńĺŋěľ-

ŋëňĺ őŕěàăâőàăňĺ âĺŕă áćěàâłĺ // Şłàăĺŋáłĺľ ňăâěň. ęãàŋ., 1991, â. 43, N 4, á.

565–567.

[27] Ăàěáâőć Ć.Ć., Ŕőŕőć Ć.đ. Ŋěàăćěŋáâćő Ďęěłáőŋă ŋă áäěàě L_2 // Šěőàĺï ŕàĺąńĺęěŋĺï

ĺ ğăďăçĺ ćëçĺáńĺâěńìŋőľ ňăâěňăâĺłĺ: Šěğĺáë ďőłńăďőć ňěęďãŋăàőďŋőľ łőŋäěàěŋæĺĺ (Ďŋěŕàőŕěâàőćáł, 26–28 ňăï 1993 č.) / ĎĎŞ – Ďŋěŕàőŕěâàőćáł: 1993, á. 8.

[28] Ŕőŕőć Ć.đ. Ňŋőčőňěàŋëě ŕàĺąńĺęěŋĺï ć L_2(T_m) // Šěőàĺï äãŋłæĺľ ĺ ŕàĺąńĺęěŋĺľ.

– Šàãďë 3-ľ Śăàăâőćáłőľ ğĺňŋěľ Ÿłőńë (27 ïŋćăàï – 7 äěćàăńï 1986 č.) Ňěęćãğőćáłĺľ ŋăãçŋëľ áąőàŋĺł. Ů.3.– Śăàăâőć: Śăàăâőćáłĺľ ãŋĺćěàáĺâěâ, 1988, á.22–25.

[29] Ŕőŕőć Ć.đ. Ŕàĺąńĺęěŋĺě ŋă áäěàě ć L_2 // Ďőłń. ĂŊ ŚŚŚŘ, 1988, â. 301, N 4, á.

793–797.

[30] Śăňłő Ś.Č., Łĺńąăá Ă.Ă., Ňăàĺçěć Ő.Ĺ. Ĺŋâěčàăńë ĺ ŕàőĺğćőďŋëě ďàőąŋőčő ŕőàïďłă

ĺ ŋěłőâőàëě ĺå ŕàĺńőęěŋĺï. Ňĺŋáł: Ŋăãłă ĺ âěåŋĺłă, 1987, 688 á.

[31] Śâěľŋ Ĺ., Ćěľá Č. Ććěďěŋĺě ć čăàňőŋĺçěáłĺľ ăŋăńĺğ ŋă ěćłńĺďőćëå ŕàőáâàăŋáâćăå.–

Ň.: Ňĺà, 1974.– 333 á.

[32] Berens H., Butzer P.L., Pawelke S. Limitierungsverfahren von Reihen mehrdimensionaver Kugelfunktionen und deren Saturationsverhalten // Publ. Res. Inst. Math. Sci. (Kyoto), ser. A, 1968, 4, 202–268.

[33] Ĺćăŋőć Ć.Ă. Ł ćőŕàőáã ő áćőľáâćăå ňőďãńěľ ŋěŕàěàëćŋőáâĺ ďńï äãŋłæĺľ ŋă áäěàě //

Ďĺää. ãàăćŋěŋĺï, 1987, â. 23, N 3, á. 481–487.

[34] Bochner S. Positive zonal functions on spheres // Proc. Nat. Acad. Sci. USA, 1954, 40, 1141–1147.

[35] Pawelke S. Ein Satz vom Jacksonschen Typ für algebraische Polynome // Acta Sci. Math., 1972, 33, 323–336.

[36] Ŕőâăŕőć Ň.Ł. Ő ŕàĺąńĺęěŋĺĺ ăńčěąàăĺçěáłĺňĺ ňŋőčőçńěŋăňĺ ć ĺŋâěčàăńìŋőľ ňěâàĺ-

łě á ćěáőň §łőąĺ // Ćěáâŋ. Ňőáł. Şŋ-âă. Śěà. 1. Ňăâěň., ňěåăŋ., 1983, N 4, á.43–52.

[37] Le Gendre A.M. Exercices de calcul intégral sur divers ordres de transcendantes et sur les quadratures. T.2. Paris: 1817.

[38] Ćăâáőŋ Č.Ŋ. Šěőàĺï ąěááěńěćëå äãŋłæĺľ. Ů.1 – Ň.: ĹŃ, 1949, 798 á.

[39] Ÿăńăěć Ć.Ć. Ő ŕőŕěàěçŋĺłăå ć L_2 łńăááőć ďĺääěàěŋæĺàãěňëå äãŋłæĺľ, őŕàěďěńïě-

ňëå ňőďãńïňĺ ŋěŕàěàëćŋőáâĺ ćëáèĺå ŕőàïďłőć // Şłàăĺŋáłĺľ ňăâěň. ęãàŋ., 1991, â. 43, N 1, á. 125–129.

[40] Śěčě Č. Őàâőčőŋăńìŋëě ňŋőčőçńěŋë.– Ň.: Ťĺğňăâčĺğ, 1962, 500 á.

[41] Ńěćěŋèâěľŋ Ć.Ĺ. Čàăŋĺæë ďńï ãŕăłőćőł ňěâàĺçěáłĺå ŕàőáâàăŋáâć ĺ ŋěłőâőàëě ĺå

ŕàĺńőęěŋĺï // Ŕàőąń. łĺą., 1983, â.40, á.43–110.

[42] Ăàěáâőć Ć.Ć., Ŕőŕőć Ć.đ. Ŋěàăćěŋáâćő Ďęěłáőŋă ŋă áäěàě L_2 // Ĺğćěáâĺï ĆŞĞőć.

Ňăâěňăâĺłă. 1995, N 8 (399), á.13–20.

Ĺŋáâĺâãâ ňăâěňăâĺłĺ ĺ ňěåăŋĺłĺ Şàăńìáłőčő őâďěńěŋĺï ŘĂŊ Ąăąěŋłő Ăńěłáăŋďà Čàĺčőàìěćĺç

620219, Ěłăâěàĺŋąãàč, ČŚŔ–384, ãń. Ś. Łőćăńěćáłőľ, 16.

Šěńěäőŋ: (3432) 49–32–35 (áńãęěąŋëľ). Ťăłá: (3432) 44–25–81.

E-mail: babenko@approx.imm.intec.ru